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effectiveness consistent with timely implementation and a reasonable degree of
radar modification,
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PREFACE

This study report contains the results: obtained to
date on the Augel Clutter Reduction Techniques Program conducted by
the Applied Physics Laboratory, Johns Hopkins University, for the
Federal Aviation Administration under Task II of Contract No. DOT-
FA-72WA-2705, issued on 8 October 1971.

The report includes the results publighed during the
initial phase of effort in three interim reports (May, July, and August
1972) and the results of an extension phase which investigated the
feasibility of applying pattern recognition techniques developed by
Bendix Communications Division to reduce ASR Angel Clutter, Mr, O. E.
Mclntire of ARD-200 was the FAA Technical Representative for this effort.
The support of Mr., K. E. Coonley of ARD-200, Mr. C. Chapman and others
of the National Aviation Facilities- Experimental Center (NAFEC), and
of the FAA personnel at General Mitchell Field, Milwaukee, is gratefully
acknowledged.

This study report is organized: into two- volumes. Volume
I contains the Study Results, Chapter 1, Summary -and Conclusions,
contains all significant results and a recommended course of action
leading to realization of an operational angel clutter reducticn: capability.
Chapter 2 discusses the angel clutter problem, its sources, and its
effect on air traffic control operations. Chapter 3 identifies differences
in ASR signal return characteristics for angels and aircraft which were

measured at Milwaukee airport during the spring bird migration period.
chapter & desrcribes angel clutter reduction techniques which can -exploit
these Aliferences in a manner which 1is cost effective for the ASR-4, 5 and

6 radars.

Volume II contains five appendices providing a summary of

fleld rest operations, supporting data, supporting analyses, a discussion

of pattern recognition techniques and hardware design data for the
suggested angel clutter reduction techniques.
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ANGEL CLUTTER TEST INSTRUMENTATION
AT MILWAUKEE

ingstrumentation Recuirements

The overall objectives for both the Radar/Beacon Multisensor
Tracking study and the Angel Clutter Characteristics study undertaken
by the Applied Physics Laboratory (APL) for the FAA, presented similar
irgtrumentatica requirements, Each required mobile radar recording
and processing equipments- which could be located at designated FAA
field test sites. The field installation of the instrumentation
required interfacing with operational ASR systems on an operaticnally
safe and non-interfering basis.

Specific data requirements for the Angel Clutter Characteristics
study necessitated the simultaneous recording of normal and MII radar
information at an operational ASR site, and digital radar processing
facilities for on -and off-line data collection, formatted and recorded
in a manner which was compatible with the available laboratory digital
data reduction faciiities. Additionally, -a source of precision target
position measurement was required to permit a determination of angel
clutter range, bearing, aititude, motion and velocity. Clutter position
information was alsc required in a form which was compatible with digital
processing. A pictorial diagram of the angel clutter field test
instrumentation installation is presented in Figure A-1l.

Instrumentation Description

Applied Physice Laboratory experience in the research and
development phases of U. S, Navy search and fire control radar system
programs, and the recent laboratory development of the U. S. Navy
Detectox/Tracker Set AN/SYS-1 target information processing system
vas instyumental in the rapid design and: construction of a mobile
Data Acquisition Module for use in: FAA ficld testing. The major
components-of the module are shown in Figure A-2. The wmodule is

designed to accept analog ASR radar video with separate input lines

A~2
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APPENDIX A-1

‘fox normal, MII and beacon video, triggers, azimuth 1X synchro,

and APG (Azimuth Pulse Generator) pulses, sach with appropriate
isolation. These inputs may be recorded directly on an analog
Radar Video Recording System (RAVIR) or processed by a radar
digitizer (referred to as the Adaptiv~ Video Processor in the
AN/SYS-1 system) and recorded in digital form on magnatic tape.

The off-line mode of the equipment allows the replay or previously
recorded analog video tapes into the digitizer for processing and
digital recording. A Display and Contrel Console allows an operator
to view normal, ‘MTI or beacon video, processed video in the form

of fixed, moving and tentative tracks and/or tracking radar positions.
Ancillary equipments in the module include a WWV réceiver and: Time
Code Generator, VHF communication transceiver, a Teletypewriter

and electronic test equipment. These equipments. are instslled in

a truck wounted, climate controlled 8 x 16 foot van. The Data
Acquisition Module, AN/MPS~19 Tracking Radar and Generator van were
located at General Mitchell Field, Milwaukee, Wisconsin during the
Angel Clutter Characteristics testing.

Ia addition to the instrumentstion provided, a Cessna 172,
single engine aircraft was employed for the collection of typical
light aircraft radar data. These data were collacted under the
same conditions as the angel clutter data.

Test Coordination and lustrumentatiou vuicios

Data collection was coordinated by a Test Conductor positioned

at the Data Acquisition Module Display and Control Console. An

intercom link with -the MPS-19 Tracking Radar permitted voice designation:

to ASR detected targets of interest. Television monitors in the MPS-19
and at the Display and Control Console provided a visual display of

the target being tracked by the tracking radar. This information was
obtained from a television camera which was attached to the MPS-19

antenna and boresited with the radar beam. (Aircraft tarzets wsre
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generally clearly visible on the television system, however, the
limited power of the system precluded visusl cbservation of angel
clutter being tracked). During controlled aircraft data collection,
the Test Conductor directed the aircraft runs via the VHF communi-
cation facilities provided in the Data Acquisition Module.

Angel Clutter Test Instrumentation, Detaiied Description

Data Acquisition Module

The Data Acquisiticn Module is s mobile and highly
versatile instrumentation van which provides the facilities for
the recording/reproduction and display of analog radar data; the
digital processing and recording of radar data with target returns
categorized as fixed or moving ard providing specific information
such as video amplitudes, hit counts, run lengths, etc. A special
mode of operation allows the collection of data in a finite volume
of space with discrete measurements of video surrounding a designated
point, e.g., clutter surrounding an aircraft target, the distribution

of video in .a thunder cell, the distribution of discrete targets in

a flock of birds, etc. These unique processing and recording facili-

ties are supported by subsystems and equipment necessary for remote
all-weather operation.

A pictorial diagram of the Data Acquisi~ion Module was

shown in Figure A-2. The major compouents of the module are discussed

in the following paragraphs.

RAVIR is a wideband radar signal recording system which
was designed and- developed by the Applied Physics Labcratory for
use by the U, S. Navy as a radur training device. Seven magnetic
tape recording channels are available with interchangeable input
signal conditio%ing units. This flexibility allows the simultaneous
recording of normal video, MII video, raw defruited beacon video,
radar triggers, APG pulses, 1X synchro and timing.
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APPENDIX A-1

A listing -of RAVIR recording parameters is provided in
T‘bl& A“l .

TABLE A-1 RAVIR RECORDING PARAMETERS

General Tépelxeébrder;characteriiticl

Parallel Channels 7

Frequency Response (3 dB) 400 Hz to 1.5 MHz
Record Time 24 nmin.

Tape Speed 120 inches/sec.
Tape Speed Error (Short Term) ¥ 0.1X max:
Dynamic Skew (adj. channeéls) ¥ 0.3 micro sec.
Signal-Noise Ratio. 23 dB max.
Crosstalk 20 dB min.

RAVIR Accutggy

Bearing o5 degrees
Range 1z

Output Trigger Delay 0.25 microséc max.
Frequency Response - DC to 1.5 MHz

During radar signal processing, the normal and MTI video
signals are multiplexed to allow MII video utilization 6u£ to a
manually-selected transition range and normal video beyonl that
range. The result of this video selection is directed to the
Target Information Processing System (TIPS) which contains the
Adaptivz Video Processor (AVP). The AVP employed in the module was
designed for a high level of effectiveness in a land environment and
in rain clutter. The processor samples the video amplitude in the ten
range cells (each cell being equal to the pulsewidth of 0.533 usec)
preceding and ten cells succeeding the cell being tested for the presence
of a target. These twenty cells are summed to determine a

mean clutter level. The cell being tested is compared to this average

A-7
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level and if the test cell exceeds the level by a specified
factor, a target is declared present. The data storage is advanced
by one cell and the process is repeated. Thus, the output of this
poxtion of the digitizer is a string of ones and zeroes, where the
ones indicate the existence ¢f a possible target and the occurrence
in time irdicates the range. This string of data is then stored in
a serial delay line which is segmented aso that each segment corresponds
to the binary data obtained from one azimuth dwell. Nineteen such
azimuth strings are stored and at each range cell the output of
all nineteen are sampled. If at least m out of the nineteen (n)
bits are one, then a target "hit" is declared. This process is
referred to as azimith correlation or "sliding window correlation”.
The output of this correlator is used to transfer the range of the
detection into the data converter which formats data for the digital
data processor,

In addition to processing all targets ns indicated above,
it is possible to collect concentrated data about a fingle target
of interest, referred to as a "hooked" target. When a specific
turget is designated (by the Test Conductor), the digital data
processor generates a grid about the target and requests the ampli-~

‘tude of the radar returns for all cells within the grid from the

digitizer. The grid consists of twenty cells in range and twenty
azimuth positions, although they need not be adjacent azimuth dwells.
These samples are converted to 5 bits of amplitude data and loaded
into the digital processor. The characteristics of the digitizer
are listed in Table A-2.

-A=8
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TABLE A-2
ADAPTIVE ' ,DE0 PROCESSOR (DIGITIZER)
CHARACTERISTICS

Delay Line Leungth 201 (r = 0.8 microsec)
Delay Line Spacing t/2 oxr T
Signal Tap 107
Average estimate of rms noise
Azimuth Correlation variable, 1-19 (n 2 m)
Length (n)
Minimum Required Azimuth variable, 1-19
aits (m)

In addition to the features described above, a constant
false alarm loop is incorporated around the signal detection threshold
to maintain a constant false alarm rate (CFAR), as averaged over
each azimuth position. The desired false alarm can be manually set
at 0.5%, 1.0%, 5.0%, 10X, or 20X. A wide pulse discriminator (WPD)
is also incorporatod following the threshold: detector. Basically,
the assumption is that an aircraft could be detected in two adjacent
range cells, Lut due to the length of aircraft and the allowable
minimum- spacing, aircraft detections cannot occur in three or -more
adjacent range cells. In:strong clutter, however, this condition
is possible. Congsequently, the WPD inhibits: detections when three
or more consecutive range cells experience detections. The WPD
can be manually bypassed, if -desired. 7

The Data Convertcer is an interface unit between the AVP
and the digital data processor, and between-:the radar and the :processor,
It contains the range counter for specifying the location of potential
targeis. The least significant bit of this counter corresponds to
approximately 1/16 of a nautical mile. (In the data collect .mode
wicoked target) the range-of the grid points are specified to about
1/64 of a nsutical mile). -Angle measurements to an accuracy of
0.022 degrees are convertad:- to the appropriate format and londgdrinto
the digiral data processor when she AVP azimuth correlator declares a hi:t.

A-9
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] The Digital Data Processor is.2 livneywell DDF-~516R

computer. The inputs to the processor are the hits as declared

by the AVP azimuth correlator, MPS-19 tracking radar and timing
data. Typically, twenty to forty successive hits in azimuth would

‘be recéivid via the AVP from a large aircraft target. The processor

shows this as one targit and distinguishes between adjacent targets
by the absence of at least twelve hits in azimuth. For the hit -
s-oup assignéd to a singla target, the position halfway between

the first and last hits (centroid) is define&iaa the target center.,

T T T e

A detailed description of the process involved in “‘he establishment
of target files, classification of targets, modification of target
classifications, -and criteria for dropping tracks, etc. is -Deyond

the scope of this description. In general, howevér, new hits which

do- not correlate with existing tracks are «stablished as nev’ tentafive
tracks. Depending upon the number of ‘successive deteztiors, the
number of misses and the computed velocities, these new tentative

‘ targets are promoted to tentative, firm, or fixed tracks-.

. . S .
o TR TR T T <

As tracks
develop further, the classifications may .change and some tracks may

be -dropped if insufficient detections occur.
Once each complete ASR antenna rotation the processor
dumps the contents- of all track files onto magnetic tape along with
E a real-time reading which has been received from the module time code

generator.

Table A-3 lists the significant characteristics of the ’
data processor.

-A~10
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TABLE A-3
DDP-516R DIGITAL DATA PROCESSOR
CHARACTERISTICS
T° - — — - - - =
Memory Size 8K words ‘
Word Length 16 bits
Memory Cycle Time 1 microséc 1
Direct Memory Access Channels 3
Add/Subtract Time 2 microsec
Divide Time 11 microsec
Multiply Time 6 microsec
The Control and Display Console serves as the primary msans f

for monitoring the performance of the digitizer and digital dits
processor. Using a PPI type display, the operator may select analog.
normal/MTI video from the ASR in real-time or KAVIR playback video,
or he may select processed video with the appropriate symbology for
tentative, firm and fixed tracks, and/or a track symbol indicating
the tracking position of the MPS-19 radar: ‘An,azimuch display and

range rings are also available. The track ball feature of the console

‘allows the operator to "hook" a target of interest to place the system

in the data collect mode previously described. The “hooked track"
feature at the console is primarily employed during systeém calibra-
tion and test, or when the module is operated at remote locations:
The "hooked track' is initiated by positioning video cross hairs
over the target of interest witli a track ball, thereby positioning
the data collect natrix. Depressing a thumb operated switch
activates the data éollect mode.

The MPS-19 was selected as the instrumentation fracking
radar due to the near identical characteristics to the ASR series
characteristics. These are 1isted in Table A-4.

A-11
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TABLE A-4
BADAR CHARACTERISTICS

it e st e e 2 e e AR A e i = o

i ‘ -
‘ ASR MPS-19
4 % Frequency 2700-2500 MHz 2700-2900 MHz
)] Peak Power 400 kW 137 kW - 250 kW
: 1 PRR . 1200 pps 300-2000 pps, adjustable
‘o Pulsewidth ' 0.833 us 0.8 us : :
b ; Antenna- Beamwidth Az, 1.5° 3.0° )
L El.  30° 3.0° f ¥
ﬂ ‘Antenna Gain 34 dB 34 dB
i IF Bandwidth 2 MHz 2 Miz

An analog to digital converter was fabricated and
installed in the MPS-19 to allow direct tracking data input to the
Dsta Acquisition Module Data Processor. The tracking radar was
also 4no§runented for the recording of ‘the AGC voltage to permit
the determination of target size.

AL s Ul o
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APPENDIX A-2

SUMMARY OF MILWAUKEE LDATA
COLLECTION QPERATIONS

The Milijaukee field operations were conducted April 12-20
and May 10-12, 1972, The instrumentation consisted of the Data
Acquisition ilodule, the AN/MPS-19 Track Radar Module, and a 150 KW
generstor van previously described in Appendix A-1,

In addition to the recorded data described below, observations
were made and local reports were collected cn weather and bird activity.

ASR Radar Video Data

ASR normal and MTI video was recorded on:the Radar Video
Recording System- (RAVIR) installed in: the Data Acquisition Module.

It was also used in the off-line¢ mzde to generate digital magnetic
tapes via the Target Information Processing System (TIPS) portion of
the -Data- Acquisition Module,

The TIPS was used to process and record several types of data
which would be required in subsequent reconstruction of the Milwaukee
radar environment. These included angel clutter, land and lake clutter,
light to-moderate rain clutter, heavy wéather cell clutter, specific
aircrafr track histories and the Milwaukee ASR environment under various
traffic sonditions

A high speed data collect mode was emplcyed pyrimarily in the
collecticn of argel clutter data. In--this mode, system tracking of
all ASR targets 1s suspended and replaced by an -expanded -data collect
mode wherein the data ccllect matrix zenter is -positioned by the target
track coordinates of the Track Radar Module This enables the measure-

ment and:- recording of the position and amplirude of all radar returns
ithin the matrix area.

A-13
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APPENDIX A-2

A low speed data collect mode was utilized primarily in the
accumulation: of ASR track histories. These histories were racorded
during various terminal traffic conditione-amdin various weather and
AP clutter conditions.

Track Radar Module Data
The AN/MPS-19 Track Radar Module contained in addition to

the tracking radar, a television monitor and recording system, a
strip chart recorder used to record radar automatic gain control
(AGC) vcltages, and an analog SONY recorder used tc record track
radar video. .

The bore-sited TV system was intended as a means of identifying
bird angels in track. However, this was ir:iic¢.r!ve due to a combination
of darkness and excessive range for visual detection, even though a
high-power lens was used.

‘During angel or aircraft tracking, the A/D converter track radar
outputs were transmitted to the Data Acquisition Module in the high
speed- data collect mode. Track range, azimuth, and-elevation were
recorded every 0.4 seconds, and the eight bit (255 level) radar video/
or AGC leval was: reccrded: for every radar pulse. Tc avoid interference
wich the ASR, the track radar transmissions were synchronized with the
ASR pulse vepetition frequency (PRF). Continual use of the ASR
stagget led to variations in track radar output power because of
uneven modulatcr charging times; hence the ‘MPS-19 PRF was reduced to
zpproximately 575 Hz and was maintained in synchronism with every
other ASR transmit pulse.

Data L{@rarz

Table A-4 prcvides a summary of all Mflwaukee digital and
analog data tapes collected. Table A-5 provides a detailed listing
by date and time of the data coliected.

A-14
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: 3
E i Tape Library Summary
L " Digital | RAVIR | soNy | #acc
; v, Tapes Tapes Tapes |(Analog)
[ | } _ _. -
ASR Environment 14 0 o | o
P System Calibration ¢ | 2 2 4
1 i AP Track "actory b . 3 0 0
Lo " AP MP5-19 Tracks 1) 9 4 9
S Total No. of Tapes 33 16 6 1 13

f Total Minutes (Approx)| 700 330 420 450

53 - -
= _ - -
Ef

£

] * A strip chart recording of MPS-19 receiver AGC was made

] . during -all runs vhen this radar was used

i »

;

)

3
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APPENDIX A-3

SUMMARY OF PRELIMINARY ANGEL TRACKING
TESTS AT NAFEC, OCTOBER 1971

iy

Background

Task II of the APL contract with the Federal Aviation Agency
is "Angel Clutter Reduction Techniques.” The objective of this effert

. is to evaluate the effects of angel clutter on ASR radars and to

déetermine cost-effective means of reducing these effects, Angel echoes

. can be caused by meteorclogical inhomogeneities, birds, or even insects.

e T T T o ST T MYy T e 13
—

Previous experiments have indicated that the majority of angel echoes
are due to birds, and the purpose of this field operation was to
measure the detailed characteristics of bird angels during the fall
bird migration at the FAA's NAFEC facility near Atlantic City, New
Jersey. -Although wideband video recorder tapes of ASR video had been

R S i e et s B e e o i

T

made .previously during the April 1971 migrations, this field operation

="

b ¢ was the first to record tracking radar data as well as ASR data.
L Continuous track data is required to fully assess the detailed differences
between -the radar target characteristics of bird angels and aircraft,

i o

and to develop appropriate methods of differentiating between them
with the -ASR. i

Instrumentation

2 ﬁﬁtiéére A-3 indicates the equipment used during these tests.

] A wideband video recorder (RAVIR Mod 2A) was installed in the
‘ NAFEC ‘test facility to simultaneously record MTI and normal ASR video

-

and triggers. A tripod-mounted Polarcid camera was also employed to

’ record - single and nultiple-scan‘RPIrvideo~presentatiens.' Twc -portable
equipment modules were parked nearby: a 150 KW prime power generator
and the Tracking Radar Module. This mcdule consists of an S-Band
(AN/MPS~19)- tracking radar, a TV system, a Sanborn strip chart recorder
to record AGC data, and a SONY PV 120V video tape recorder, which

was used to record °‘rack radar video and voice annotations of the

A-19
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‘began: shortly after dark and by 1930 EST had reached }:ar

APPENDIX A-3

type of target and its identifying characteristics and positional data
(range; bearing, and elevation as a function of time). The track
cadar transmitter was synchronized with the ASR tranemit pulse to
reduce mutual interference.

The S-band tracking radar had been received on loan- only

three weeks.earlier from the Air Force. This precluded the intended

full refurbishment of the radar prior tc the date of the bird migrations;
however, it was decided to conduct the operaricn at this time rather
than to postpone all operitions until the spring migraticns. The

radar on the whole performed well during the test period (due tc a

strong effort by the test crew) and was adequate for gathering the
drgired data.

‘Chronclogy

A k The Track Radar Module and Prime .Power Generating Module
arrived ac NAFEC late in the evening of 26 October and the Track
Radar Module was in operation the foliowing day, The wideband video
recording syctem was mated -to the ASR-5 tc record both ncrmal and
MTL video simultanaously. Little or no migratory bird activity

was observed on the evening of 26 October, primarily due to very poor
weather conditions (fog). -A-combination of fcg and night precluded
use of the TV system to gather visual data on bird tracks thrcughcut
most -of the operation.

Early in the evening-of 28 October, fog mb?ing in from the
south precipitated very heavy ‘bird activity. Bad weather normally
precludes migratory activity -and local reports had indicated ccnsiderable
numbers of birds in the area (primarily at the Brigantine Wildlife
Rgfugg) waiting for clearing conditions. The fog on: the evening of
28 October was generally low-lying and the moon could be clearly seen

above it, indicating acceptable migratory weather, Bird angel activity

v intensirlog

A-21
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A series of five 15-minute wideband video recordings of ASR video
wers made between the hours of 1541 and 2617 {(Table A-6). Almost thirty
Polaroid photos were taken between 1607 and 2150 hours (Table A-7);
Figures A-4 and A-5 show representative single and multiple-scan PPI
: presentations for MII video with and without STC. It is clear from
these photographs that neither MTI nor STC is a complete solution to the
angel problem during periods of hervy bird activity,

T 1 e
d

The Tracking Radar Module PPI display preseuted a similar picture.
Aircraft and appsrent bird angels were tracked to obtain motional character-
istics and recordings of radar video and AGC voltage. Figure A-6 shows

three representative AGC recordings and the A-scope video corresponding
to each,

e A LU

Since all required data were recorded on the evening of 28 October,
the Tracking Radar Module, generator van, and wideband video recording
equipnient were returned to APL on 29 October.

T

Discussion of Preliminary Results

e i )

It was possible -to make several statements based upon the data
gathered during this operation:
3 (1) AGC recordings of tracking radar videc permitted a clear
distinction between the angel and aircraft tracks. (Adrcraft
were identified by their much higher velocity.) This difference
is clearly visible from Figures A-6(A) and A~6(B). It should be
noced, however, :that the AGC output is smoothed data and such

distinctions may not be apparent in the short period of time
1 during which the ASR scans past the target.
1

A-22
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MTI VIDEO, STC, SINGLE SCAN

FIGURE A—4

: éf SINGLE SCAN ASR PPI PRESENTATION
: DURING HEAVY BIRD ACTIVITY
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; TABLE A-6

* WIDEBAND VIDEO RECOPDINGS TAKEN AT NAFEC

i { 28 OCTOBER 1971

E 7 Recorder: RAVIR Mod 2A

] ‘ ~ Channel 1  Normal Video Track 2
} Channel 2. MTI Video Track 4
? Channel 3 MPS-19 Triggers Track 5

c 3 Tining t, delayed (~94 usec) Track 3

L {

l 28-1341 1541 hrs. 1601 hrs.

; - | 28-1649 1649 1710

- 1  28-1836 1836 1857

o 28-1917" 1917 -

? { : | 28-2000" 2000 2017

'lrolun tapes. #28-1917 not rewound.
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APPENDIX A-3
TABLE A-~7
ASR-5 VIDEO PHOTOGKAPH LOG
28 CCTOBER 1971
PNOTO APPROX. ‘RADAR VIDEO
_WROXR  TIME  NORN MTI STC DURATION REMARKS
1 1607 hrs. X 1 scan Camera Test
2 1608 X 1 scan Camera Test
k] 1609 X 1 scan
4 X 1 scan
S X 60 sec
6 X 120 sec
7 1634 X 300 sec
8 1810 X 1 scan
9 1818 ) 240 sec
10 1821 X 90 seé
11 1830 X X 1 scan
12 1831 X X 90 sec
13 1834 X 1 scan
14 1837 X 90 sec In Sequence
13 1833 X 1 scan
16 1845 X 1 scan
17 1923 x 1 scan )
18 1925 X 90 sec
19 1926 x 1 scan [ ° Sequence
20 1927 x 10 scans
21 1930 X 1 scan
22 1931 X X 1scan
23 X X 1 scan
24 X X 15 scans
23 X 1 scan. } In Sequence
26 2140 X 60 sec
2* 2150 x 1 scan

(20 M{le Range)

.20 mile radius; remainder 10-mile radius with 2 mile range rings.

One ecan = & geconds
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_AGG RECORD A_SCOPE

4A ___MOST COMMON
' ‘BIRD ANGEL TARGET
1.9 &% "
bS¥ <2
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3 e
1B
1
4B —_ LARGE COMMERCIAL
AIRCRAFT

4C__HIGH ALTITUDE ANGEL
(6600 FT)

FIGURE A—6__TRACKING RADAR
AGC ‘RECORDINGS & A—SCOPE VIDEO
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(2) Visual observation of the A-scope* video (which
contains the high frequency amplitude fluctuation components
not visidble on the AGC recordings) also indicated Jdifferen:
fluctuation. characteriiitics for angel -and aircraft targets..
Tho observers were able in a number of cases to recognize
aircraft and bird angels from the A<scope video, althougn
the AGC ‘recordings appeared to be a more reliable indicator.
There was a general feeling ‘that the bird fluctuations couid.
be associated with wing beats, although analysis of the vider
tape recordings are required to determine if these fluctuatisns
corresponded to wing beats or the fluctuations associated
wvith many birde in the sane radar resolution cell.

(3): Two distinct types of angel returns were identified.

The majority were of the type shown in the AGC recording

of Figure A=6(A). The type shown in Figure A-6(C) were
encountared during attempts to determine the maximum altitude
of the angil activity. These angels were isclated echoes
with 0.5 Hz -AGC fluctuations and were encountered at altjrvdes
as high as 6600 feet.

(4)- While MTI provided much improvement cver normal videz,
and ‘MTI with: STC was even. better, a large number of ange!l
echoes remained. 1t is estimated rhat there afe abour 2%0
angel iargets on the MTI-STC sirgle scan jphotograph in Figurs
A-4 (excluding the automcbile t-affic visible on a nearbv
rzad).

* A tracking radar A-scope displaye signal amplitude (received vide:®
vertically and range (time) horizontally; the horizontal sweep moves
to the right with increasing range.
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(5) It was possible to distinguish some aircraft returns
from angel echoes on the 10-mile PPI displaey on :the basis
of aagular width (run length), particularly on the MTI-STC
display where angel clutter was somewhat reduced. This
ctn be sedn at 63° in Figure A-5 (#24). This large air-
craft produced a 4° bearing width, indicating detections
in the major sidelobes ¢f the ASR radar (I.So beanvwidth).
This would not be the case for smaller aircraft.

(6) Preliminsry data analysis indicated that the aircraft
targets encountered had radar cross-sections of from 25

to 1000 square meters, while thc angel returns were in

the range 0.0001 to 0.0l square meters. With somewhat
limited data reduction, it was not possible to determine
the proportions of the angel echoes due to single birds
and groups of birds.
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ANGEL CLUTTER TEST SITE SELECTIUN

Frilowing the initial angel clutter tests at NAFEC and the
refurbi’shment and optimization of field test instrumentation, it
was neccssary to select a test site for angel clutter data collection
during the spring bird migrations. Criteria for this selection were:
(a) A history of ‘migratory or local bird activity in the
area,

TG T T TR AR O T T T T

Ll b S o

(b)- a history of angel clutter activity with some level of
impact on Air Traffic Control functions and coincident
5 with bird activity in the area, and, ‘
; (c) a physical situation at the radar site which was
) appropriate to the location and installation of the
necessary instrumentation.

T~y

Subsequent to a review of FAA angel clutter field reports, bird migration
‘ and weather forecasts, and considering the test period available, four

' candidate sites were selected. These were Little Rock, Arkansas;
Memphis, Tennessee¢; Minneupolis, Minnesota and Milwaukee, Wisconsin,
Following visits to each of the airport FAA facilities by APL personnel,
General Mitchell Field, Milwaukee was selected.

3 Details of the discussions and observations at the four

, locations are provided in the two APL trip reports included in- this

2 Appendix,
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I. REPORT ON VISITS TO LITTLE ROCKX AND -MEMPHIS
March 1972
1, Introduction

APL personnel visited Little Rock Municipal Airport (Adams
Field), Little Rock, Arkansas, on March 8-9 and Memphis Tnternational
Airport, Memphis, Tennessee, on March 10. The purpcses of the visits
were to observe and discuss local angel clutter problems and to -evaluate
the potential of the two locaticns for Task :I data collection. Little
Rock was considered a likely site for the planred field measurement
program; therefore, essential preliminary ccordination and planning
was carried out with FAA personnel there, Rcbert Stutzman, SW-432,
Task I1 Coordinator for the Southwest Region, took parc in diszussicns
of Little Rock on March ‘9. This report summarizes the chservations
and activities of the trip and presents recommendations on Little Rock
as. a data collection site, Key contacts in Little Rock are listed in
Enclosure 1, A brief investigation ellminated Memphis as a pcssible
site for Task: Il measurements (Section 8)-.

2. Summary

A visit to Little Rock Municipal Airpczt on March 8-9,
1972 established that -air traffic control theie is significantly
constrained twice daily in October-Ncvember and February-March by radar
cluttet (Figutes 1-4)*and that thig clutter is caused by birds which
roost near the airport. Frequently-observed "clear-air" clutser (Figure 5)
was reported to be as serious a problem as- the bird clutter. The nature
of ‘the local problem, the- physical layout, the facilities, the air
traffic load, and the local FAA personnel make Little Rock an excellent
site for a field measurement program. However, Little Rock bird experts
(Enclosure 1) predict that the birds which cause the radar ciutter will
start leaving that area -around March 15 and that no concentracions are
likely to remain after April 1.

The probable bird migration schedule tcgetber with the
unlikelihood cf being able to start data rcllecticn in Little Rock before
the last week of March prompis the fcllowing reccmmendations:

Most desirable - Locate 2 suitable airpert site in the
northern Mississippi Valley where birds will
be ccmmon in April;

*lﬁllrfigurqﬁ;ate groupéd'at the end of the text.
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R e st s A

Alternative - Begin data collecticn in Little Rock
as soon as possible, no later than

: the last week in March, If birds

! are gone, or when they go, collect

data on clear-air clutter and other

local angel clutter.

g v et e T
ey T

A visit to Memphis International Airport established that
terminal air traffic control there is not affected by birds nor. to
any significant extent, by any other forms of "anomalous propagation.”
Therefore, Memphis is considered to have no value as a data collection

‘site for FAA Task 11. Memphis birds migrate at the same time as Little
Rock birds.

© R R T T AT T T

3 . Radar

Little Rock ATC has an ASR 4B radar with parametric amplifier
and PIN~diode attenuator. The effect of the lacter wss described as
reducing sensitivity to approximately the level obtained without the
:parametric amplifier. Antenna height was estimated to be 45 feet.
Antenna tilt was reported as +2°,

Lo s etliion, SV Uil

Standard operating procedure is to use MII video with STC

1 from 0 to 15 miles and NORMAL video from 15 to 40 miles. NORMAL video

I is useless inside 10 miles due to ground clutter With MIT, no ground

' clutter appears. Surface traffic ic observed (Fipure 4a, 240°, 9 and

\ 14 miles) and recognized by location and speed, and then is ignored:

i without difficulty. Precipitation returns are reduced by use of circular

: polarization (CP); attenuation is satisfactory in light rain and is

‘ useful but incdequate in heavy rain. When AP and bird clutter appear,
sensitivity is reduced by means of the PIN diode attenuator, known
locally as "the bird switch.'! Slight clutter reduction occurs; the
loss of sensitivity on aircraft is objectionable FIC, IAGC and €SS
(Cross Section Sensitivity, similar to STC) are available but are

seldom used on the ground that they offer no significant performance
L improvement in clutter.

Sl

4. ,RAQar Clutter Reports

. AP, “anomalous propagation", was found: to be loosely usad
o to refer to many obsexved radar returns not identifiable as aircrafe,
susface vehicles, weather, or normal ground cluttec, It may include
returns from birds, insects, atmospheric inhomoganeities, normally-
undetected ground features, etc. In informarion-gathering discussions
it pruved important to establish a common working definition of che
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tern and then to distinguish clearly between observations of AP and
interpretations. An effort is made to preserve this distinction in
the following., For present purposes, birds are considered separately
and AP i3 defined as follows:

AP: Any observed radar returns which cannot be
associated with aircraft, surface vehicles,
‘birds, weather or normally-detected ground
clutter.

The following is -a distillation of conversations with
approximately 15 FAA personnel at Little Rock including controllers,
radar technicians, supervisors, and administrators. A high degree of
consistency was noted among the reports.

Bird clutter at Little Rock imposes operational limitations
on traffic flow. Aircraft not equipped with beacons cannot be tracked
through sectors in which bird: ciutter appears. Beacon-equipped air-
craft must be skin-painted te initiate tracking; this is impossible in
dense bird clutter. Wren bird clutter is strong, controllers advise
aircraft of the lack of radar coverage in certain areas.. A NOTAM is
normally not issued.

Bird clutter is -observed throughout October, November,
February and March, It occurs twice daily, at dawn and at dusk, for
a period of 30 to 90 minutes. Radar clutter js correlated in location
and time of appearance with dense streams oi Lirds observed visually
from the tower. )

The appearance of bird clutter on -a PPI is shown in
Figures 1 through 4. The clutrer in these photographs, taken .on
March 8- and 9, was considered: typical by Little Rock personnel.
The characteristics of the clutter are discussed in Section 5.

AP which is thought to result from causes other than birda,
is usually observed to the northeast and southwest; sometimes, it is
seen to approach from the west. It appears. on a PPI as a moving
swarm of discrete point echoes resembling aircraft returns (Figure 5).
The AP occurs frequently; we were assured that, if we stayed feor two
days, we would definitely see it. It occurs more often at night :than
during the day. The AP often occurs in a visually clear atmosphere:
and cannot be associated with any visible clouds or precipitation.
MII is useful in reducing the clutter, but does not eliminate it. A
figure-8 distribution, as seen in FPigure 5, is typical, although
occasionally the clutter appears at all azimuths, CSS (Cross Section
Sensitivity) is of some use in attenuating the clutter; it attenuates
aircraft returns as well. FIC and IAGC are of no use.
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‘At both Little Kock and Memphis, returns like those just
described were frequently attributed to "“ducting." Other character-
istic effects ascribed to ducting were a reduction in aircraft detec-
tion range and an increased intensity and exteat of ground clutter
return. Informaticn on the actual presence of ducts has not been
sufficient to purmit a correlation to be ‘established between ducts
and radar effn;:s. The ertended detection ranges commonly attained
with marine radars in ducts were never noticed.

5. Obgervations

Radar clutter was observed and: photographed on a PPI on
the evening of March 8 snd the morning of March 9, Table 1 is a log
of all photographs taken. Figures 1 through 4 are photographs
selected to show the major features of observed clutter.

-Ground clutter (Figure la) extends in range to between 7
and iI5 miles in different sectors. It renders NORMAL video useless
inzide 10 ‘miles. Usually, MTY video with STC is used inside 15 miles
and NORMAL 1s used betwcen 15 and 40 miles, the customary maximum
surveillance range. No residual ground clutter was evident with MII,

In the evening, March 8, clutter was observed to appear
rather abruptly, within several minutes, on a scope which had pre-
viously shown a practically black background. It lasted without
major variatior from 15 minutes before sunset until about 45 minutes
after sunset, 1800 ‘to 1900 CST. The occurrence of the evening air
traffic peak in this interval increases the impact of the clutter on
controllers, The clutter was most dense to the north; northeast and
east, where bird roosts are known. This specific geographic relation
of airport and roosts aggravates the problem. Because the two
principal runways run north-south and northeast-southwest, either
departure or approach paths pass directly through the bird clutter
region on controllers' PPI's.

Morning clutter began in the east about 40 minutes before
sunrise, 0628 CST., It faded almost to the -point of disappearance
after about 30 minutes. Clutter then reappeared, most strongly in
the north and south quadrants, and rezained for over an hour. It
persisted on into the beginning of the morning air traffic peak. At
times the clutter extends to range- -of approximately 12 milen
(rigure 4).
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Although the gross clutter patterns differed womewhat
hetween evening aind morning (Figures 2 and 3), the fine detail
visible on the PPI looked identical on both occasions. The video
consisted of clouds of discrete, sharply-defined returns. The PPI
blips appeared to be equal to or smaller in size than those from
a small aircraft. ‘No diffuse or extended returns were noted, (The
evident merging of retu:ns in the photographs is a photographic
effect.) Some blips could be -singléd out and could apparently be
tracked by eye for several scans. The echoes to the south in
Figure 4b were tracked in this way for more than a minute; each
sppeared o maintain an identity and a fairly steady southerly
course for that long. Eventually, the echoes faded. Other echoes,
strong and clear on one scan, would fail to reappear in the same
neighborhood during the next three or four scans.

Visual observations were mede at about the time Figure 4a
was taken. A serpentine stream of blackbirds was seen flying south
past the airport from :the vicinity of a larg: roost known to lie
several miles to the north., The stream was estimated as about
100 - 300 feet wide and the samé in thickness. It extended to the
limits of visibiiity to the rorth and to the:south at an estimated
dltitude of 500 - 1000 £t. Similar large concentyations’ "could be
detectad at greater ranges. A few flocks of 20 - 50 birds ‘were
visible, also heading scuthward. The locations and extent of the.
bird concentrations correlated plausitly with observed PPI clutter
when the efZect of MIL was included. As figures show, MII cancel~- -
lation was more effective toward the west, where the birds' southerly
track was roughly tangential, ‘than to- the north &nd south, where the
motion of the birds wae approximately radial with respect to the
radar,

6. Bird Inforgation

Mr, and Mrs. Henry Halberg, Thurman Booth: and Robert
Plerce, experienced Little Rock bird observers, provided much useful

-consistent information, pertingnc parts of which are summarized
‘below.

Several million blackbirds, grackles and: starlings roost
Iolcep)'in railrosd yards several milss north of the airport, and
about one million roost near the river to the -eist of the airport,
locations corresponding to the regions of dense clutter shown in

Figures 2-4, The birda disperse to feed after first Iight and then
raturn to the roost in a more -concentrated, briefer flcw at sunset,

as observed on radar. In previous years bird populations have been

‘as much as ten times greater. The birds roost around Little Rock in

large quantities (2 - 50 million) from about October -through- March,
Usually, Little Rock roosts -begin to break up in mid-March -and the
Jarge concentrations have disappiéared by about April 1, It was re~

ported as very prooable that those birds causing the ASR clutter
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would be gone before April 1. This year, migration may be occurring
about a week earlier than usual. Resident birds, in the area through-
out the summer, appear in small numbers and small concentrations.

After blackbirds begin migrating, temporary roosts form
tr the north, lasting from several days -to several weeks. Day-to-day
bird motion is strongly affected by local weather; on a weekly time
scale, the long-tern weather, e.g., "a warm winter," is the major
{iifluence on when bird migrate.

7. Little Bpék Faci;ﬁ}ies

The ASR is sited on airport property in an FAA-controlled,
fenced compound of adequate size to contain three vans within: approxi-
mately 100' of each other and within 100' of the ASR building. The
ASR site is within a mile of the Tower/IFR room. Clear radar :surveil-
lance is possible cn-all azimuths except through the tuver.
Surrounding terrain is very flat with the exception of low hills

-about 10 miles to the south, The ASR site is accessible from public
roads,

Adequate prime power (30 KVA plus) is available from
main feed lines at the ASR site, Local loads are automatically switched
to a generator if the normal supply fails. In the event of -a power
failure when APL test equipment was on line, the APL load would not
be switched to the FAA generator but would be dropped.

‘We indicated our intention to provide the following
protection at interfaces with the local system:

a) Fused prime power lines to-APL equipment

b) Master cutoff switch(es) in APL prime
power lines

c) Isolation amplifiers in signal lines (as
at Friendship)-

-An intercom on the -ASR tower can be relocated to provide
communication between: the APL van and the controllerICechnlcian loca~
‘tion in the tower buflding.

8. Hbmghis An;el Clutter Situation

‘For the last three years Memphis International Airport
has had no operaticnal interference from birds. Other "anomalous
propagation” returns cause no significant problems in air traffic
control. Informal discussions on March 10-with Memphis Tower Chief
James Arthur, Deputy Tower Chief Parsons and three watch-standing

traffic control supervisors are summarized as follows.
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Until three years ago Memphis ATC observed on radar
heavy concentrations of birds during fall, winter and spring.
Returns. occasionally extended as far as 40 miles. Traffic control
was affected because primary radar coverage was impossible in
some approach and departure sectors. Three yeaxs ago the city
dump- in- which the birds roosted, located near the edge of the
airpurt, was eliminated and the bird problem disappeared. No
modifications to the radar were made at or around this time.

Since then birds have been no problem. Occasional groups of

migrating birds are observed in transit through the area; these

. have no effect on operations. Occasional AP in the form of moving
clouds of discrete echoes is observed, but it is not considered
an operationally significant problem.

T
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)
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The Memphis TRACON, located in the tower, uses an
‘ASR-5 sited on the opposite side of the airport. Memphis ARTOC
is located near the ASR; an ARSR radar is about 15 miles away.
3 The Memphis TRACON handles about 800 to 1000 operations on an
1 ‘ average day. As a rough indication of radar operation, radar
3 ' ‘handoffs between terminal and: enroute facilities were claimed to
g be normally accomplished without difficulty in the range interval
2 , 30 to 40 miles from the ASR, for small aircraft as well as for

! large.
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A. 0540CST
MTI AND STC WITH NORMAL BACKGROUND. TWO SCANS,
10 MILE SCALE, 2 MILE RANGE RINGS. MAPCH 9.
‘BIRD CLUTTER STARTING TO GROW AT 085° 4.5 MI.

B. 0604CST
MTI AND STC. ONE SCAN, 2 MILE RANGE RINGS,
MARCH 9. NO AIRCRAFT KNOWN TO BE IN AREA,

FIGURE 1
A—38-
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!
A, 1810 _SCALE 10 MILES, B. 1815__SCALE 10 MILES,
2 MILE RANGE RINGS 2 MILE RANGE RINGS
|
b
]
i

| C. 1820_SCALE 6 MILES, D. 1825__SCALE 20 MILES,
¢ MILE RANGE RINGS 5 MILE RANGE RINGS

FIGURE 2
DUSK CLUTTER, MARCH 8, MTI & STC, TWO SCANS.




P T PV e T ST T

T TR e T T T

PRI

e o e e m—rv——— o i o

- (2o SRS R IR A A%k i o s bt = ureY R . T . e, NI i rndorigrimhibigtiifoitmpnseinstogh

A. 0600 B. 0603

C. 0609 D. 0613

FIGURE 3

DAWN. CLUTTER, MARCH 9, M7l & STC
TWO SCANS, 10 MILE SCALE
2 MILE RANGE RINGS

‘MAGNETIC NORTH TOWARD TOP -OF PAGE
TIMES _.CST
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f A. 0635_MTI & STC. TWO SCANS, 20 MILE SCALE,
F 5 MILE RANGE RINGS. MAR 9
E
2

B. 0702_MTI & STC. TWO SCANS, 6 MILE SCALE,
2 ‘MILE RANGE RINGS. MAR 9

FIGURE 4
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(30 MILE-RANGE , COURTESY OF

B__2320.CST

FIGURE 5

£, GRAHAM . FAA, LITTLE ROCK}
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TABLE 1

Little Rock ASR 4B PPI Photographs

Marqh;§-9, 1972

Unless otherwise indicated, photos show MII video, STC on, parametric
amplifier on, 10 mile scale, Z mile range rings (RR), two sweeps/photo.

Polaroid camera with portrait lens, £/5.6, exposure 8 seconds (2

sveeps) unless otherwise indicsted, ASA 3000 film, 21.5" from portrait
lens to PPI plastic overlay [approx. 22,5" to CRT face).

Yo. Time (CST): _Remarks
2 1805
3 10
- 11 Sunget
4 12
5 15 Parametric -amplifier off
6 15+
11 20 6 mi scale, 2 mf RR
12 22 6 mi scale, 2 mi RR, 1 sweep
13- 25 20 mi scale, 5 mi RR
21 0540 MTI with NORMAL background (low
NORMAL video gain)
22 48 MYI with NORMAL background, air-
craft, birds 090/10
23 50-
24 52 (wind reported 250/4 KTS)
25 53
26 56 Some birds beginning to appear
at v 010-
27 0600
28 c3 Birds to east fading
29 04 1 sweep
30 08 Birds appearing to north
31 08+ 20 mi scale, 5 mi RR
32 09
33 13
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No. Time (CST)
34 15
35 22
| 36 23
37 0624
38 26
- 28
39 32
40: 35
- 37-45
41 48
62 0702

APPENDIX A-4

Table ircontinued

. Remarks

40 mi scale, 10 mi RR, 4 sweeps,
surface vehicles 240, 9 mi,
aircraft NE 35 mi

MTI and NORMAL

MTI and NORMAL

6 mi scale, 2 mi RR, MIT and NORMAL

6 mi scale, 2 mi RR,

Sunrise

20 mi scale, 5mi RR

20 mi scale, 5 mi RR; 200-600
discrete blips to north

Visual observations of bird streams
(see text)

20 mi scale, 5 mi RR, 5 sweeps

6 mi scale; 2 mi RR; clumps to south
are moving south; runway MTI
beacons NE and SW approx. 1 mi
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Enclosure (1)

'Pr;gggggl Contncts'ip Little Rock

-

ey L)

FA, Little Rock
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YAA Sector Chief Noteboom

Asst. Sector Chief Daniel Gardner
Radar Unit Chief Everett Graham
Tower Chief Hunsekker

T TS [ T T e

o —

Alrvay Facilities Sector
Building C-8, Adams: Field
Little Rock, Arkansas 72202
Telephone No. 501-374-9038

Litt}e'kock Avifuana Contacts

o e i i s T e o e

Thurman Booth

Federal Blackbird Control Officer
i U.S. Fish and Wildlife Service
. Room 315, Post Office Building

! Little Rock, Ark,

Telephone No. 501-~378-5382

Y

‘ Robert Pierce

. Cooperative Extension Service
Univ. of Arkansas Graduate Institute of Technology
MacArthur Park, Little Rock, Ark, ‘
Telephone No. 331-376-6301
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IX. REPORT OF TRIP TO MINNEAPOLIS /MILWAUKEE AIRPORTS
March 1972

The airports and FAA facilities at Minneapolis, Minnesota
and Miiwaukee, Wisconsin, were visited during the period 15 - 17 March
1972 by APL personnel. The primary purpose of ‘these vieits was to
determine the feasibility of conducting FAA Task II test operations
at either of these locations,

Upon arrival at Minneapolis a tour of the Tower, IFR
room and maintenance areas was provided by the Assistant Radar Chief,
Discussions with personnel in these arecas revealed a history of un-
-defined angel clutter, primarily in the srring and fall. It was
-expected that the spring clutter problems would begin about 1 April
-and -continue for approximately two months. Controllers interviewed
could not recall any occasions when clutter had become an operational
problem, although it was an annoyance. Maintenance personnel were

cordial and receptive -to the possibility of locating Task II 2quipwment
-at Minneapolis,

Conversations with several local "bird watchers' were
consistent, with the arrival of waterfowl anticipated about 1 April

followed closely by other types, with peak activity in mid to late
-April.

Upon arrival at Milwaukee, the Task II requirements were
discussed with the Assistant Sector Chief and a tour of the Tower and
IFR room was made in company with the evening maintenance technician,

-All personnel contacted agreed that heavy angel clutter could be anti-

cipated during the spring and fall of each year with the'spring}clutter

‘historically beginning about 1 April. In contrast with Minneapclis,
‘however, the Milwaukee -air controllers. interviewed stated that :clutter

has been an operational problem. The source of the heavy clutter at

‘Milwaukee is undefined after several attempts to correlate with atmos-
pheric conditions. Photographs of previous clutter observations dis-
‘closed figure eight patterns centered on the radar and extending, ir

some cases, to twenty miles, The one point of correlation noted was
the tendency of the clutter pattern to align with the wind, Peak

clutter periods tend to occur around sunrise and sunset, however,
-clutter has been observed at all hours.

A-46




(A A R

T T TR LT AT @ T A

Ty g

T T PR PTG I ST e

ey

T A

T

w——

e e ae L

e s e i P, WA WAV S b i oy W e e s e = e e s o=

—rver — ATy T A
S s

APPENDIX A-4

All facilities at Milwaukee are centrally located
providing easy access to the ASR (located on the field in fromt
of the control tower), the tower cab, IFR room, FAA offices,
Weather Bureau and Flight Service Station. The Tower Chief
and Sector Chief each expressed high interest in the project
and their willingness to assist.

The Milwaukee "bird watchers'" contacted reported
some nigratory waterfowl activity beginning now, with overall
bird activity expected tc reach a peak in April.

In view of ithe apparently heavier clutter conditions
and resultant operational problems, anticipated bird activity
and reduced travel distance, it is recommended that Milwaukee Air-
port be selected as the FAA Task II test site with an equipment
arrival date planned for 29 March 1972,
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APPENDIX B-1
STATISTICAL DATA FOR BIRDS AND AIRCRAFT

Spatial Autocorrelation Functionn,for ASR Video Matrix

The characteristic distributions in azimuth and range
of ASR video returns are of importance for the optimization of
a video processing scheme. They detérmine, respectively, the -
azimithal extent over which pulse-to-pulse correlation is profitable
and the sampling interva) in range needed to yield independent
video samples. A measure of these characteristics is the one-dimen-
sional autocorrelation function presented below. Initial results
include range and azimuth functions for a known, controlled Cessna 172

aircraft and for an angel clutter target. (Figure B-1)

The plotted functions ar< autécorrelation:functions as
defined by Bendat and Piersol (Reféi‘ence * ), normalized by the
value of the function-at zero lag. The input data from each of
several -scans consisted of a string of ASR amplitédg values
(37 in azimuth or 40: in range) from a selected row or column in
the Data Collect Matrix. The autocorrelation function of each.
string was found and normalized. Then the average autocorrelation
function over the several scans was obtained. Figure B-2 shows-
rav; > autocorrelation functiors for a Cessna 172 aircraft and for
an angel track (MKE 16-1, Track 1)., Figure B-3 shows azimuth

autocorrelation functions for the same two targets.

The range -autocorrelation results show that both the
aireraft and angel teturns usually fall into a single range cell
but -occasionally appear in two range cells, as is-expected from
straddling of two range cells. The azimuthal autocorrelatioun
functions show a slight difference for the aircraft and the angel;
with the angel track having slightly higher autocorrelation for
lagse less than 0.45° and glightly lower thereafter. Both targets

P e _— .
Bendat, J. S. and-A. G. Picrsol, -Random Data: -Analysis and
Meagutement Progedureql_Wiley~1ntgrlcience, New-York, 1971
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Figure B-1 Tracks Used For Statistical Analysis
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APPENDIX. B~1.

reach a value of 0,5 at 2 lags“(0.3°), which is close to the

value of 2-3 lags expected due to the antenna pactern itself

on a point target. These results confirm single-scan observations,
i.e., if targets are smaller than the radar resolution cell (one
pulsewidth by one beamwidth) then the run-léngtb similarity for
the Cessna and the angel track persists over many scans.

The results are similar for both the aircraft and the
angel. From this, onre may conclude that angel clutter (presumably
birds) resembles general aviation aircraft in their mean spatial
distribution., Analysis of additional aircraft and angel data is
required to determine whether the angel-aircraft differences in
Figures B=Z and B~3 are significant.

Amplitude Distributions for ASR Video Matrix

‘When the MPS-19 radar tracked an aircraft or angel, the
ASR Data Collect Matrix was automatically positioned in the area
containing ‘the tracked target. ASR video amplitude in each of
the 40 x 37 matrix cells was sampled each scan, while both radars
observed the -same target and its surroundings. -Approximate
probability densities in the form of relative amplitude frequency-
of-occurrence historgrams and :the corresponding -cumulative
distributions have been plotted:,
Frequency-of-occurrence as a function of relative ASR
video amplitude is shown in Figurz 8-4 for a Cessna 172 and in '77
Figure B-5 for two angel tracke., Abscissas in the plots are the
logarithm of the range-normalized video amplitude, discussed Belou; .-
ordinates are -the numier of occurrences in a target track.
The -amplitude distributions were obtaived by assuming
that the distribution type did not change with target range. Then;
the decrease in amplitude with increasing range, e.g. as R-'2 for
a point target, was compensated for by multiplying target amplitudes
in the matrix from each scan by the square of the range measured
at the time the matrix data were collected. Accurate range was

obtained from the continuous target track maintained by the MPS-19.

B~6
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In initial data analysis, range factors of Rfl, R 3

LR e s el

, and R
were used, and in all cases, the density obtained with the sz
factor had the smallest half-width. This was intexpreted as
an indication that, amoi'g the three range dependences tried,
sz most closely described the target amplitude variarionm,
since compensation with an inapplicable range factor broadens

- the density. The R'z auplitude dependence (which corresponds to
an R-4 dependence of signal power) implies that the angel targets
behaved approximately as point targets, iike aircraft, which is

in agreement with the conclusion from single scan analysis above,

T AL TR g T e

that the angels were not comparable to or larger in size than an
ASR resolution cell.

In addition to amplitude variations caused by -target

e 7 T ey T T

cross-section fluctuation and by target range change, the video

amplitude varies due to the géin change in the direction -of the

e e e et e o e T e e g e A A e e i S et S =

target as ﬁhe antenna rotates. The result is a -smearing of the

W e

target amplitude density toward lower amplitudes. To deduce target
characteristics from the observed distribution, the known antenna

| contribution must be removed. In the present problem, it is the

T g T

ASR video characteristics, including the antenna effect, which are
ofrihteteqt, These are shown in the figures.
At low smplitudes (0, 1, 2, 3, on a 0-31 scale), the

distributions of target amplitude aad of Data Collect Matrix

. ‘vackground, which consists of receiver noise and MTI residue,
overlap and initially cannot be separated. Therefore, the
histograms gshown were formed from all 740 independent samples in
s matrix. 7In these histograms, over 90X of the total number of

samples lie in the first two intervals. These are predominantly
matrix background amplitudes; :the typical mean value of background
was bstween 0.7 and 1.0. Occasional returns from targets- other
than the one being tracked may be received; these targets pass

SIETAINT - o L T T T T ..«m_ﬂ
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i ‘through the Data Collect Matrix within a few -scans and
their contributions to the resulting histograms, which are

accumulated over many scans, are negligible.

e TR

Amplitudes greater
than approximately ‘three are therefore assumed to be due solely

‘to the tracked target, with high probability.

v

‘From the amplitude frequency-of-occurrence data,

T YT

cumulative probability distributions were formed for the Cessna

' 172 aircraft and for angels. To reduce the strong effect of
% background, the densities abrve were truncated or, equivalently,
E an amplitude threshold was- established. Thresholds of 0, 1, 2, 3
%: and 4 on a scale of 0-31 were used. The resulting distributions
% are shown on Weibull distribution plots in Figures B-6 through B-8
% for angel targets and Figures B-9 and B-10 for the Cessna.
E Similar normal probability plots are shown in: Figures B-1l for
E the Cessna and Figure B-12 for an angel target.
1 The Weibull distribution is: a two-parameter .distribution
it with density given by
; px) = P W
s X
] and -cumulative distribution
-8
i P(x) =1-e (%)

The Weibull family includes the exponential (g = 1) and the

Rayleigh distvibution (B = 2). The distribution is useful in
searching for an analytical description of 3 measured distribution
or in comparing measured to theoretical distributions. A straight

line on the Weibull plot indicates exact agreement with- the

Gk G ek

Weibull distribution; the slope of the line can be used ‘to determine
the valuz of the Weibull parameter, 8.

2 o O i
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ey

The Weibull plots of aircraft and angel -distributions
(Figures B~6 through B-10) show similar features., With threshold
values of Q and 1, the compound nature of the distribution is
evident. Background is included and dominates the distribution.

When the threshold is raised to three or four, on the other hand,
geveral -differences appear.

e

‘For a given target, the slopes of

the curves are quite similar for threshold amplitude a, = 3 and a, = 4,
Furthermore, the values of the glopes, giving the parameter § in

the Weibull distribution, lie between 0.9 and 1.4 for the aitctaff

e g R TR T TR T T T

and between 1.1 and 1.7 for the angels; actual values are given in

the figures. These results indicate that the observed' distributions

lie betwe¢n the exponential and the Rayleigh distributions in type.
Small amplitudes are probable but smallest amplitudes (0, 1, and 2)
: less likely, as shown by :the small change when the threshold is

raised from 3 to 4. (For the exponential distribution, smallest

: amplitudes arc most probable; for the Rayleigh type, smallest
E) t amplitudes are least probable of all amplitudes below the mean)..
; 4 The plots of cumulative distribution on Log Normal

Ty
1l

prodability paper, Figures B-1l and B-12, are similar to the above
in variation: as a function .of threshold. Again, curves fqr'aT = 3
and 4 lie close with similar slopes.

L

The estimated goodness—of-fit
to a straight line is not markedly better for either Weibull or

normal plots. For a threshold of 3, :the lLog Normal parameter -p
i _ {mean~to-median ratio) was about 10 for the aircraft and 3 to 6.2

‘for the angel track; for a threshold -of 4, the values were 6.2 and
2.3 respectively.

ik

Figures B-13 and B-14 show-a typical set of angel track
% ‘video amplitudes recorded by the Track Radar Module. Each track
F radar pulse is converted -to digital format and transmitted to the

Data Acquisition Module, where it is written on digital magnetic
‘tape along with range, bearing, and elevation measurements.’
The ordinate in the figures is the A/D converter level recorded

for each pulse. The sample rate was: the track radar PRF of half

B~18




T mw-n-

APPENDIX B-1

18pVy. AFWAL YITA PRAIIRQ0 SUOTIFNIONTL epnaFTdEy yowal Tesuy £1-8  andya

yowal s18uy [enuwy ‘sBuwy oany
ZH 629 = dud

9§ umeds

1¢ oder ‘g NO®vIL

4NViS ¥31dv $3$INd 4O NIGWON

ozt o0l

i

oy (- o
+ % v -
.;o,,”,,

F0NLITINY 03AIA UYAVN NOVNL

B-19

apnyydey
OMPTA

awpwy.




-

S TR R

SRRy T e SRR TR RIS

APPENDIX B-1

LT T L T A T N .

EPWY AOBIL YITH PIAIISQQ BUOTIWRIONTL IPRIFIdmy Aoval [IWuy yI-g IINEL
Rov1l 38wy Tenuwy ‘aIsuey ojny
2H €29 = d¥d
€4 uwds
1€ edwy ‘yy A%
ANViS ¥3ILJV $3SInd 40 NIGNNN
ovl 021 ool 0e 09 - o» o2 o
- —i + ¢ , ~t $ = —T03
toe
L 3
tos
T+
; L J
- . + 00!
$
Lo03

- v
T T T T T TR N I T T T O R TR

J0NLITANY 03IAIA WVaAVY NOVNL

B-20

spnaprduy
OWPTA
awpey
yIwal




T T, T o T A i h/ " - =N ‘ o
!
!

APPENDIX B-1

the ASR PRF. Figures B-13 and B-14 thus cover 0.243 and 0.208
seconds, respectively. Both figures were made of the same angel
track and were separated in time by four ASR -scans or 16 seconds.
The ‘track radar was in the automatic range track mode ‘but manual
angle track was used to avoid -the 30 Hz conical-scan modulations

of the MPS-19 angle tracking function. Automatic Gain Control
(AGC) was used, maintaining the signal level approximately constant.

‘Fourier Analysis of MPS-19 Video Fluctuations

To-observe the frequency spectra of the target
fluctuations, the video from the MPS~-19 tracking radar, which was
used to place a video gate in the ASR video duriag the generation

: of Data Collect Matrlces, was simuitaneously sampled and recorded

T . e S TR T T T ST ¢ T e g e e T T~ TR T
b e ot e

for several angel and aircraft targets. These samples, collected
every radar pulse while the radar was. locked on the target, were
used to generate Fourler Spectra of the target fluctuations as
seen by the MPS-19. Since the characteristics of the MPS-19- are
f f almost identical to those of the ASR, and as the two radars were

colocated in Milwaukee, the results should be: representative-of

the ASR video for the targety. For each spectra, 2!U symples

1 were used giving a resolution of approximately 0.6 Hertz for .a

600 Hertz sampling rate. The fraquency distributions were averaged
for 20-consecutive sets of data on each target, representing
approximately 34 seconds of video (vr = 20,000 samples). Figure B-15
shows two sample frequency distributions for a bird angel and the
Cessna 172 which result from this procedure. Note that the ordinate
for the aircraft plot covers approxipgteiy twice the range of the
ordinate for the angel plot. In both,ploﬁg the conical scan
frequency (30.5 Hertz) of the tracking radar is clearly visible.

521 \
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The general characteristics of the plots indicate the angels
appear to- he represented by low frequency fluctuations, with a

prominent peak about 10 Hertz corresponding to the '"wing beat"
frequencies found by other investigators. The aircraft, on the cther
hand, had higher frequency modulations, generally characterized by
multiple frequency series similar to- those found in the normal
Fourier decomposition -of periodic nonsinusoidal functions. For
example, there are peaks at 82 Hertz, 164 Hertz, 248 Hertz. Eighty-

two Hertz appears to be the fundamental frequeacy of this series,

.,,.,
U S UV UGV S

; with 164, 248, etc., being the first, the second, etc. overtones

' normally found in the Fourier decomposition. Frequency multiples

; above the Nyquist frequency, in this case 300 Hertz, are found to

be '"folded over" and observed at lower frequencies. For example,

; the series with a fundamental frequency of 80 Hertz has a multiple

2 : equal to 320 Hertz which is higher than Nyquist frequency. As s
result, this multiple is folded over and observed at 280 Hertz.
Similar effects occur for higher mu;t;ples. Table I lists the
observed- and folded frequencies., It is interssting :that the sircrafc

T

engine used for this run nominally operated at 2400 rpm, which

T TR R

with the two-bladed propeller corresponds to 4800 Hertz per minute,
or 80 Hertz per second, the observed fundamental frequency.

3 The apparent dependence of the major structure of the
video frequency spectrum on the Cessna- propeller rate -points out the

1 fact that great care must be used in developing angel/aircraft
discrimination techniques, in order to avoid developing discriminators
which operate on characteristics peculiar to certain targets. The
most practical way of avoiding this 18- to collect a large data base
of different types of aircraft and angels., While the 80 Hertz lines-

seen in -the track radar video spectrum- are not necessarily so prominent
in the ASR MTI video, they should be closely investigated in future
data collection efforts.

B-23
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OBSERVED: FREQUENCIES AND CORRESPONDING

NYQUIST FOLDED FREQUENCIES

T-w "7 observed Folded Corresponding
ia Hamnic Frequehc)f ; Frequency Fundamental
5 1 83.2 83.2 83.2

2 164.6 164 .6 82.3

3 248.4 248.4 82.8

4 271.3 328.7 82,2

5 189.3 410.7 82.1

6 107.2 492.8 821

7 24,0 576.0 82.5

8 59.8 659.8 82.5

B-24.
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PROCESSOR SIMULATION RESULTS

Detailed results of each Azimuth Pattérn Processor are
listed i{n Tables I - X. The performance curves in the test were
derived from the scan~weighted averages of aircratt and angel
detection percentages.

The track numbers of each angel and aircrait do not
explicitly appear in the tables, However, they can be inferred
from the number of scans of data for each track; this number 1s
listed in the left-most column, separated by a vertical line, 1in
each table The correlation between track numbers and number of

scans 18 as tollows for the Milwaukee data:

Aircraft Track Number of Scans
6-1 58-59
6-2 97
3-2 13
3-3 82
21-1 256
22-1 160
Angel Track Number of Scans
10-1 YO
10~-6 69-70
11-2 19
116 5
1.5 20
116 25
117 ?
16-1 62
163 30
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For the Baltimore data, the correlation is
Alrcraft Tr@ck ‘Number ofi§cans

2F 120

3-BC 34-35

A/C 308

4C 129-132

4D 163-164

2A 155-180

2B 211-218

A short description of each processor simulation is given below for
each table,

1. Simg}e Amglitgde Detectog gMilwaukeg data)

Table I lists ‘the results: of processing the Milwaukee
data-with a fixed threshold; an aircraft is declared present if at
least one amplitude exceeded the threshold. The value of each
threshold tested is listed after "THR," in the top line -of -the table.
The maximum video amplitude was 31, corresponding to 5-bit quantization,
All of the Milwaukee data consisted.-of 37 amplitude samples
taken on every other radar sweep (pulse period). The range cell
processed was chosen by summing all amplitudes: in each range cell
for all 37 azimuth samples .-and choosing the range cell with the

largest amplitude sum.

o o g
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APPENDIX B-2

2, M/M Azimuth Correlator (Milwaukee data)

Tabies II and III list the results of subjecting the
data to a fixed threshold and requiring that M consecutive samples
exceed the threshold for aircraft detection. Table II applies for
M/M = 2/2 and Table III applies for M/M = 3/3 as thes thresholds

were varied from 4 to 21 out of the 31 possible levels.
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APPENDIX B-2

3. Dual Threshold Processor gMilggukee data)

This processor uses two thrésholds, one low- (given by
"THR." in the tables) and one high (set "MR." levels above the first).
The number of ACI (Azimuth Correlation Intervals) is counted at each
threshold. A third threshold is set on the ACI difference. An
aircraft is declared if the ACI difference is less ‘than this third
valve, given by "MN." in the tables.

Table IV 1lists the results for combinations of the three
threshold values when all 37 -azimuth samples were processed. Table V
applies when only 10 of the 37 samples are processed at any one time;
at least one aircraft detection was required as the 10-sample window
was swept across the full 37-sample azimuth coverage.
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APPENDIX B-2

4, M/M Azimuth Correlator (Baltimore data)

The additional aircraft data gathered at Baltimore's
Friendship airport sampled 40 consecutive radar sweeps, rather
than 37 alternate sweeps as done at Milwaukee. Results for a
4/4 Azimuth Correlator are given in Table VI; Table VII applies- to
5/5.

To evaluate the effects of using only alternate sweeps,
the proressor was also run for 2/2 on alternate sweeps. Table VIII

applies to the even samples and Table IX applies to the odd samples
from the Baltimore data.
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APPLIED PHYSICS LABORATORY APPENDIX ‘B-2
SILVER SPmihG, MARYLAND
5. Dual Threshold Processor (Baltimore data)

This processor was identical to that used on the Milwaukee
data except that 40 consecutive radar sweeps, as opposed to 37

alternate radar sweeps were processed. Table X lists the results.
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APPENDIX B3
AZIMUTH PATTERN VIDEO AMPLITUDE DATA

Azimuth Pattern Analysis

To help visualize the type of returns used in the
calculations, & computer was programmed to plot data. The amplitudes
for the video (in the row with the maximum sum of amplitudes) from
the Data Collect Matrix for each scan were used. The enclosed figures
illustrate three examples of two scans for each of these plots. Each
plot has target amplitude plotted on the ordinate and target azimuth
on the abscissa. The amplitude is scaled 0 to 31 and the azimuth
integers correspond to alternate scavns. (The plus signs along the
edges represent 5 amplitude divisions)., Figures B-14 and B-17 are
angel returns illustrating the large variety of returns found for
angels. These examples are typical of the plots obtained for angel
tracks. The most striking characteristic of these plots is their
width. Whereas the sircraft plots, of which Figure B-1% is typical,
appear to be generally confined to about 40 dwells in azimuth.

The angels appear to £111 the full 74 (twice 27) dwells observed,
indicating that perhaps an extended hird flock was tracked, or
perhaps several flocks. In addition, scen-to-scan, the angel plots
do not vary in a consistent manner, while the aircraft track almost
always consists of one -principle peak with few, if any, side peaks.
This peak appears to be one of the princinle veasons for the success
of the 5/5 detoctor. The width difference also explains the reasan
for degradation in the discrimination capabilities of other detectors
v loyed, as the width of the sampled region was decreased. Another
general characteristic was, that except for small fluctuations, the
larger fluctuaticns for aircraft almost -lways vary from zero to a
maximum or vice versa. Angels, on the other hand, appear to have
mere intermediate types-of fluctuation, which acrounts for “he
capabilities of the dual threshold decector.
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APPENDIX B~4
ASR ANGEL CLUTTER DENSITY OBSERVATIONS

Introduction

4 : Total numbers and densities of angels as observed, for
example, on a PPI are of interest because -they are numerical measures
of what is meant by "an angel clutter prcblem" in the present air

traffic control system. Furthermore, they are indicative of the angel

| clutter which must be handled in seme way by the developing automated

traffic control syetems. Thiz Appendix prescents seme quantitative

e

-

raesults on observed numbers and densities of angels based on data

<
w

i

sclirited for FAA Task 1. Observed densities depend strengly on signal

]
f

procéssing and antenna tilt as well as on angel cross sgections and
spatial distributions. The results presented below are from ASR's

which ware set up primarily for a satisfactory tradecif letweenr aircraft
and ground clutter detections. The data represent typical conditions

of woderate-to-hesvy angel clutter in Milwaukee, Little Rock and
Arlantie City (NAFEC).

Observed Angel Numbers and Densities

Several PPI phetographs of ASR MTi videc were examined;
totigraphs, cbtained im preparation fuor and during FAA Task II,
are idsnrified in Table }. Tne pumber cof angels detectsble by eve
were counted in two-mile range intervals. The vesults sre shewn in
fegr-r B-19,In areas of densect ~lurnter, :slustered angels cculd not
be 5.-2uretels counted by eye. In thess areas, the zount g-ven {g an
vnderestimate The autual number of detectable targets in these range
intervals could be as much as fifty pei cent Jugher thar the number
tver, The totai counts of detectable angels are listed in Table |,
The identity of the souvce of these -angels i1s of same iuteyést in the

sea~ch for angel clutte: vaduction techniques; it is censidered later,
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TABLE 1

Angels in ASR MTI Video

I PPI Photograph
! Date Time

Milgsukee (1972)

Figure 5.,2,1-1, MSO~F=133, Task II Interim Report, 22 May 1972
Figure 5.2.1-3, MSO-F-133, Task II Interim Report, 22 May 1372
On file; similar to Figures 2 and 3, MFS-0-197, 23 March 1972

CSS /STC

CSs~2
csS~2

None

STC
STC

STC

April 15 2122 CST
] April 17 0620
E‘ * April 18 0602
2 Little Rock (1972)
March 8 1805 CST
1 March 9 0553
s
s
NAFEC (1971) .
October 28 1931 EDT
i
1
; Refgrences:
1 a.
b,
c. L
3 d. TFigure 2, MRD~3-394, 10 November 1971

APPENDIX B-4

Total Angels
—Counted

225
310
284

230
167

225

Reference

C.
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‘Figure B-19 Number of angels counted per rangz interval in PPI photographs
-of ASR MTI video. Probable underestimates shown by * (see text).
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Mean angel densities were determined from the data of
FigureB-191y dividing the number of angels counted in a2 range interval
by the area of the interval., Table 2 gives the results. Included
in the Table are results, obtained in the same way, for several
additional photographs of Little Rock video. These photographs were
taken within minutes of ones listed in Table 1.

Mean densities in Table 2 are, for the most part, on the
order of 1 per square mile with a range of about two orders of magnitude.
The minimum densities shown represent a few angels in 88 square miles.
Inside six miles, theseé densities must be considered underestimates
for two reasons. First, -as indicated above, where density is high,
some echoes appear to be merged. An effective automatic detection
gystem or an optimized combination of PPI and camera would probably
often show two distinct angels where the visual counting yielded one.
Second, angels are usually not distributed uniformly in azimuth.

Large sectors of a particular range interval may contain few or no
angels while, in other sectors, the mean density is several times the
tabulated value.

To obtain more detailed: Information on ange} densities, two
photographs of Little Rock MII video were further analyzed. A square
grid was superimposed on each photograph and the number of angels
detectable in each cell was counted. The grid and results are shown
in Figure 20. (Note that cell size in miles differs in the two casee.)
The azimuthal nonuniforiiry whirk wae wentioned above 1s evident,
Although detection densit; generally decreases with range, the vardiation
is not smooth. 1In Figure 20a, -the distribution appears to peak about
four to six miles from the radar. These distridutions are fully
consistent with the known, customary paths of the birds believed to be

tbe source of these angels,
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TABLE 2

Observed Mean Angel Densitieés (mile~2)

in Range Intervals

Range Intetva! {mileg) .

0-2 2-4 4-6 6-8
Milwaukee
April 15 >16 3.3 1.0 0.4
17 11.7 2.7 0.5 0.3
18 9.9 2.6 0.9 0.07
Little Rock
March 8 1805 6.8 2,7 0.7 0.03
1812 8.3 2.4 0.5 0.03
March 9 0552 3.1 1.5 0.7 0.1
0553 3.9 L.a 0.8 0.2
0556 3.3 2.4 0.6 C.4
0648 5.0 1.8 0.7 0.1
NAFEC .
-October 28 3.6 1.7 0.7 0.4
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F Figure B-20 Angels counted in PPI photographs of Little
1 Rock ASR MTI video. Underestimates .are shown
by *,

a. Cell size 1,9 x 1,9 miles. 0556CST, 9 March 1972
b. Cell size 1,56 x 1.56 miles, 1805C3T, 8 March 1972
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Cumulative distributions of the mean dersities calculated
from the data of Figure 20 are given in Figure 21. Maximum angel
densities cbserved were near 10 m» 2. Note that this value depends
on the cell size chosen. If smaller cells had been used, higher
maximum densities would probably have been found. Mean densities
takun over all non-empty cells were 2.4 mi~? over 105 square miles
and 4.4 mi~2 over 58 square miies.

Angel Identification

Fer the data given, a strong circumstantial argument can
be made that the angels were due to birds, At Litcle Rock, the
appearance, disappearance and appreoximate spatial distribution of angels
was very closely correlated with easily-observed mass movements of
blackbirds near the airpori. Local air controllers confirmed that
this correlation was normal. At Milwaukee, migratory activity in the
area was common and widespread during the times of observation., At
NAFEC, the area of angel activity was a bird sanctuary known to be
active, and early-evening bird activity was a regular occurrance.

In all cases, angels which: could be followed on the PPI behaved

ike birds and not like ground clutter, -air cr ground vi:iicles, or
recognizable atmospheric phenomena. Weather was clear and stable
enough in each case to be eliminated as a plausible clutter sourqe,
Satisfactory MT1 cancellation of stationary targets and ground clutter
was verifled before and after angels became numerous and was verified
in clear sectors and at longer ranges while angels were present.
These latter chservations also confirmed that -equipment noise was- not
a factor, The conclusion dxawn on the identity of the observed angels
1s that, with high pvobabiiity, almost all were due to birds. Although
som2 may have been due to individual birds, the characteristics of
typical bird activity at each site during the perind when observations

were made suggests that most angels were probably due to groups of
several birds or more.
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Little Rock ASR MII video, (@)and
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Summary

In PPI photographs of MT1 video at three ASR sites, typical

angel densities on the order of 1 mi~? were found in moderate-to-heavy

clutter. Mzximum mean densities of approximately 10 mi~? were observed

in averages over areas of gix to eight square miles. The total number
of letectable 2uagels ranged between approximately 150 and 300. With

higs probability, the angels were due to birds in groups.
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<ARRENDIX.. C-1
ANALYTIC MODEL OF PPI-OBSERVER INTERACTION

Abstract

An analytic model of PPI-observer interaction is
investigated with a view toward evaluating the impact of Clutter
Reducing Devices (CRD) on the detectability of selected target typer.
Optimum conditiens are found within this model for the reduction
of clutter masking effects and several properties of this system
are iilustrated using particular examples of the model.

The results indicate that as the clutter component
increases the strength of the clutter reducing device, as measured
by the percentage of valid targets rejected, must be increased to
produce an increase in- target detectability: 4i.e., although a
greater percentage of valid targets are rejected by the CRD, more
targets become detectable due to a veduction in clutter masking
effects. Also, as the clutter increases, the gain in target
detectability for this optimum CRD increases. This result can -be
misleading, however, as an improvement of from one to ten targets
detectable out of a thousznd possible targets amounts- to & ten-:to
one increase in detectability but is not sufficient improvement
for the conditions. Thus, eventually this "real life" dovice also
"saturates' as far as usefulness is concerned. Finally, the
receiver will ke shown, in the models considered, to actually
increase target detectability slightly.

Introduction: Clutter Elimination and Target Detectability

In designing a radar system, the objective is always to
obtain the maximum detectability of some given target type.
Increasing detectability, however, implies increasing the sensitivity
of the radar, increasing clutter which can reduce detectability by
obscuring or masking valid targets. Tius, tradecffs must be made
between the cost of n~t detecting a tirger and the amount of clutter
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T

masking that can be tolerated in order to maximize the probability
of detecting a target. It 1s, however, possible to use the
characteristics of the expected targets and clutter to build
devices which will selectively reject clutter while retaining valid
targets, increasing detection probability., Ideally such a device
would reject only clutter and pass only targets, so that the
sensitivity of the radar could be made as high as desired and
target detectability could be chosen at will. -Unfortunately, real

- life devices will always pass some clutter and reject some targets

so that sorie reduction in actual number of targets on the PPl
occurs, and some targets are still masked by clutter when the
device is incorporated into- the system. If this Clutter Reducing
Device (CRD) is designed properly, however, large numbers of
targets previously obscured by clutter will now be easily detected
so that an overall increase in detectable targets occurs. In
addition, as a large amount of clutter has been -eliminated, the
gengitivity of the system can Le increased until the clutter
passed by the CRD reaches maximum tolerable levels. With proper
design this can compensate for some of the targets rejected by -the

: CRDs (pzrhaps even increase the efficiency of the CRD). and

] contributa to the overall increase in detectability of the desired

targuts., The problem comes in finding the parameters for the CRD

vhich will maximize this detectability, particularly in view of the

A probability of rejecting a valid target during the processing.

If one is too worried by the possibility of the:CRD rejecting a
valid target, the parameters may -be chosen to minimize target
rejections so all targets appear -on the PPI, Unfortunately,

this situation also implies that a large amount of clutter will be
passed by the CRD and obscure many of the targets on the PPI,

] producing the same effect as a rejection. Thus, little or no
improvement is obtained. The opposite extzeme alsu ylelds no
improvement. However, if the designer is willing to experience
the: loss of a few targets due o CRD rejection, many other targets
may become detectable yielding . net increase of targets detected.

T T T AT T T

Gkl

T R W

3 The choice of parameters determiies which casz2 occurs and, by a
3 proper choice of the operating parameters, the maximum improvement
E for a given device can be obtained., {¥igure 1 shows how a CRD

might be incorporated intoc a radar system),

The purpose of this memo is to provide .an analytic approach
for optimizing the parameters of a CRD in the above situation and to
illustrate the results for a particular model of aircraft detectability

C-3
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for a man-radar cystem. In particular, the characteristics of a
device designed to detect alrcraft amidst angel returns will be
used to characterize the decision making scheme. The concept of
this device was derived from the results of angel clutter study
conducted for the FAA and so represents a posgible system.

General Considerations

‘Basically the problem is formulated as follows. At any
given time there is generally some finite number of aircraft
targets (Nkco)on a PPI display. Due to the interaction of clutter

with these targets and to basic limitations in the skill of the
operator observing the PPI, some targets go undetected by this
observer. In principle, however, all targets could be found

given sufficient time and information. The actual number of targets
detected (NAC) is, therefore, some fraction of the actual number

AT T T T T M e

il o\ 2

e e

of targets and can be related to thig¢ actual number by

=N, ° F(N

Mo = Nac o) 0<Fcl (1)

where F(x) represents the observer's skill in detecting targets. as
a function of a clutter parameter (NCL)' Here F(x) is a function

e

with rangeé[o, 1],, and NCL is a measure. of the clutter density

appearing on the RPI prior to application of the CRD. The nature
of F(x) depends on. the capabilities of the PPI observer but can
be generally expected to be a monotonically decreasing functien of
x. This follcws from the assumption that an increase in the
clutter will lead to a reduction in the number of targets detected
by the observer. Thus in general, for

TP T

3 X - Y (2a)

F(x) _ F(y) (2b)
E with 0 :F(x) = F(y) - 1 (2¢)
E

Cc-5
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If now a CRD is incorporated into the system, the number
of targets actually on the PPI is reduced to

(N, .0)' = NAC°' £r (3)

AC

while, at the same time, the clutter has been reduced to

(N £-! (4)

! =
CL) NCL
Here ! -fr and 1 ~fr' are the fraction of targets and clutter,
respectively, removed by the CRD. Both of these fractions are a
function of the design parameters at the CRD and may vary between
0 and 1 as determined by the operating characteristics of the
device,

Presumably the detecting capabilities of the PPI observerx
are unchanged by the CRD, so the number of targets actuall; detected
by the observer should be related to the targets actually displayed
in the same manner as prior to .nstallation of the device, i.e.,

' ' - o 1
(N)' = (NACO) F((N)") fr N, F(f; N )

The object of bullding such a device is Lhat
] .
(NAC) . NAc (6)

i.e., more targets are detected with the device than without it.
In other words,

Improvement factor = - 1 (N
AC -

which in terms of characteristics of the observer and a CRD, becomes,

fr F(fr' N
F (NCL)

CL)

+ 1 (8)

1f this inequality is not satisfied for a CRD, then it is actually
decreasing target detectability and should no longer be considered.
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Note that the dependence on the desired target numbers has cancelled
out, so that only the operating characteristics of the CRD and the
obsexrver as functions of tbe initial clutter density remain. The
optimization occurs by choosing the values of fr and fr' which
maximize this ratio. As fr and fr', which describe the operating
point of the CRD, are dependent parameters, differentiation with

respect to one of these parameters will lead to a maximizing condition,
i'e. *

fr F [fr’ N
: €| =0 (9)
r F NCL
This leads simply to A
]
£r X(fr' Ny) Ny g—ﬁ_—f:— =1 (10)
where r
. I d  F(x)
X(® = 52y '.dx (11)
Xmgq

As F(x) is monotomic decreasing,X(x) 1is positive, although
the exact form depends on the medel assumed for the observer. In
vicw of this result, meximization of the detectability requires that
the operating parameters of the CRD must not he selected to place the
operating point on a portion of the CRD's characteristic operating
curve with negative slope for all other terms in equation 10 are
positive, The exact point of operation, of course, depends on the
exact characteristics of the device used. Once both functions are
known, however, the exact optimum operation point can be found.

The second criteria for a maximum, (the third criteria for
an operational CRD), namely

'

dz F (fr NCL) <0 (12}
- Y r'd

d fr F (NCL)

leads to the expression

' 1 2 ,14d ¢ (13)
y & ) oo (Y TE
cL ]
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where

) = s Sy F
Y 2 Fky dx?

If this condition is not satisfied no real optimum opevating point
exists for the clutter conditions and the device provides no benefit
to the observer. In this case, the optimum possible si:uation is to

switch the device from the circuit, and allow the observer to select
targets on his own.

Exponential Observer

To illustrate the technique just described, it will be
useful to assume an exponential model for the operating characteristics
of the observer. The exact relation assumed is

N /1
CL
Y m
F (NCL/ e (14)
where r is a parameter describing the operator's clutter handling
capability. As one operator's "heavy clutter" is another operator's

"light clutter", only the ratio NCL/I allows some measure of the

"elutter situation” for each observer. Thus, when this ratio is
large, the clutter level is sufficient to cause the operator to lose
many targets, although another operzator, viewing wit' the same

clutter level, may have enough experience to result in « smaller ratio
of NCL/T and therefore, a smaller fraction of lost aircraft. This

ratio then determines which is heavy, and which 1s light clutter for
each obgerver and is the characterigtic parameter describing the man-~
ciutter sirvation, The lower curve in Figure 2 illustrates this
exponential function where regious of light, moderate, and heavy
clutter have been more or less arbitrarily assigned.

In principle a CRD can be constructed to separate any twe
(or more) target types. By way of example, however, it will be

c~8
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assumed that the desired targets are aircraft, and the clutter is
produced by angel returns generally from birds and anomonalous
propagation effects., A devize capable of discriminating between
these two types of returns based on the azimuth run-length
characteristics of the video has been devised in response to a
study program conducted by APL for the FAA, Figure 3 is a plot
of the operating curve for this device as derived from actual
data collected from angel and aircraft video returns. Also
plotted is a hyperpolic fit to this data given by

. . +0636 )
fr' = 2ot 0.6 (15)

which is the desirea velationship between £r and fr' for this
device.

Using these relationships, the improvement in target
detections can be calculated. Figures 4 and 5 show improvement
curves for both moderate and heavy clutter situations with this
approximation of the CRD operating curve. The improvement factor,
(NAC'/MAC) can be seen to decrease below one for some values of

fr indicating that this region of operation is to be avoided as
more aircraft are lost by the device than are gained by the reduced
clutter level, The optimum operating point is that which maximizes
the improvement factor, and is indicated on each plot. Both plots
also indicate that both the maximum improvement factor and the
optimum operating point change with changing clutter conditions.
igure 6 shows a plot of the maximum improvement farilor as a function
of the clutter parameter NAP/T- Interestingly “hi’, device yields

little improvement in light or moderate clutter but results in
considerable improvement in severe or heavy clutter, although this
is model dependent. Figure 7 shows how the optimum operating point
for this CRD varies with clutter conditions. To implement this
device, some means of adjusting the operating point must be
incorporated so as to allow adjustment to the optimum parameters
for the clutter situation as required by this curve,

Cc-10




ﬂvﬁ.«?.»;;f.:. —— — — 1;,.
m X

R UEA S
12
qLQ’

L
h
)
0
T
"
oﬁ!

~
P B e B SN v S T

APPENDIX C-1

G

w 13 by
- E

3 1 A

3 ! ;

; 1 °© 3

w w

|

:

: 42 K

Do P TA A TS T QNS gy e

hath

v3ep proyszayl fend I

e1oqradAy X

¢ amnord

R 'F—F:"‘?E‘\w"—v’k:;&?!“ R RREEL L T TR TR A BT Fer Tehy




«

~ WIOT2 :
23 68° = Xey
% 13 = @80 30 Yiduaiig ,
Oo_ n m h 9 ¢ 1 d /4 2 I ;
1“ M 4 v 2 + + ~+ 4 3 }
5] ) :
s Iv L
5 ‘
n N. !
QIO 03 3AIn) Juswaaozdug 1€ ,,“
3
4+ g M
)
~
2 )
..-no ¥
8
=}
"‘l a
oy
o~
.vho w d
n O
(2] 5
»® m.
‘ ol .
,< 16 &
: s
- 2
“, o1 3 €
- o°
; | e
Y ‘ T
: 1 p ;
.% PA
3 . ,ﬂ
§ 1l ;
3 3 .m
\w o :
m . . -
| 19°0 « (Mos oz ;
“ - p ﬂVJ A
L §°0 1¥
i Tapok x? :
3 - ;
il ‘38 03 xoadde ®roqradLy T8 m
3
v_,_

R e T




T A s T A N S VT T T I R T s et get e LA ORI Lt N i S Rl balatiis AT TR

APPENDIX C-l 3

Q
(o] "y ‘43;
. o »
. S 4o
: 3 g
X 5 3
A " trs 4
\ & 3 :
< S ——52 :
b ’v// 1
:-8. '3 L] / y
3 o - ,—,,—f”“J— :
; M 8 .
] 8 ] ¢
3 o ;
3 > ‘ N F O :
3 b ] .0 %“) 1”" 4 f
&g i
- £ , ‘1
£
x y
. +® |
q - o ;
3 / ? "
s M .
i 4+~ -z
* bg——  ©
7
3 1y
i '
. “ lj‘
e .3
+ W0 '
3 . ;
i ; : ;
r 2 x
E - ,
E ‘)
5 a -+ n. - :
(8] o H
2D
B =
o k]
Ut [
[ 3]
] N
: T3 ,
i !
o i
c
& )
o
= (>) - m. ‘j
13
Q,
g
-4

> -
d

A el e e re e v3 e

4+ b + $ $ + $ +

[ ] ® N o -

DVN/' :)VN = K17TTQRA298QQ I1IBIDITY JO Juawaaoadur
Cc-13




W TR S Egk e s G YaE TR e Ty D - =

e e e

J

'

g 2andT35 -
ot ]
4

a933INny) Laeay " J33INTD A ILIIPOK 2933InT) 3Iy317
o“. 3 r MO. 10

STERE Ty v

L =
-+

7 PO S 3 " > " L >
S + ittt + 4+ ottt + donbiaet o = e + (o]

j +

r

;

g

:

3

.s

:

APPENDIX C-1
P T U - O T - T PP

R i i R b

e
C-14
LY P R L e I

q) 103 do030®g
jJususaoidul mnmyzdo

B A i e e R s s
v
R

R

LER ot o

:\»\ 8! snszsa

uuouunodz\uou 3e Ny

aaan) xoloeg 1
Juduaaocaduy wnmridg

e BTN AN T ey T T L LR VTR Ak

A
<

3x03aq Y'N

1213e u«z

N

e &
'm.ﬁ_l«—v [

.

{

H
4

< i i .o
V Ny e e o T R T TR T e e A P ARG TR L TR LR LN e p 2 W o WA AR s s (M A2




u«.muz = I932WeRieq 1933INT)

i G P VNS W + Py L . e

APPENDIX C-1

o,

T TN T AV

P Al iee g

e RS 3

b

TR

sl vE AR,

" YT

gis

»

M RRS i1

o ket

93¢ v € 4 ! r

L 4

-y

3 e Y 2
. X91anT) Laeay 1933IN7) 2IBIIPOH
— = e

aaxny 3jurod
Sur3waadp wnwyidp

10
{ N s8A 3do 23

. e I}
.,21,..:..5.3;.‘..;.4«;:;r.}r.iyr,f_}.%aisnl__ec: D gad o nde e S

L 4

"133307) 48T

N S

3 eSS e

2l Tt i o el T

@D 3o 3Jufod
Suyjwaadg wnwyydo

PR R P 1 T

B Y TN SR L R X 4




e TR BN R IRTR TR B e Tvre L e ~SLMSCIE R S LRNRe L P e Pl Dol i U LR AR et 2 A i i p et~ 2 i eidass i (L ass

Aty

F APPENDIX C-1

T et st

Finally returning to Figure 2, the upper curve represents
the new operating curve for the radar-CRD~man system and indicates N
the maximum improvement which can be achieved within this model for i
this device, This improved curve is very much model dependent as :
Figure 8 illustrates. Here the same calculations have been :

Lo ot oat Cary

S

-x2 b
: performed with an e © model. In both cases, the horizontal dashed M
P line represents the ideal case of no target losses regardless of '
clutter conditions and the closer the final ..urve approaches this
line, the more effective is the CRD.

PSRN TIE T

It is perhaps of interest to consider these two sets of
curves in more detail in order to gain some appreciation of the
effect of this process. Table 1 illustrates the pertinent points.

e

For the e * model in moderate clutter and before applicacion of

the CRD, the radar-man system is finding 78% of targets actually

there Afterwards, the radar-CRD-man system finds 927 of the

original number of targets. As the clutter level increases, the
improvement also increases, although as can be seen for the simple
exponential mcdel, an improvement of a factor of 10 to 1 is not

enough as only about 517 of the targets are detected after application
of the CRD.

AT T TR

There exists an intriguing special case of a CRD for which
frv = fr' describes the operating curve., This device is utilized almost
daily in every radar system in existence, It is the familar gain
control Interestingly, if the gain is reduced, both targets and
clucter are reduced equally, however, with either of these models,
due to the non-linear characteristics of observer, there is an
actual increase in the detection capabilities of the system. (This
¢f course assumes no difference in the amplitud2s found for the clutter
and the targets.) Figures 9 and 10 are the correspcnding curves for
the two models considered with the gain control used as a CRD. It is
clear that some improvement can be achieved by decreasing the gain
but only in very heavy clutter situations and even then the fraction
of targets detected is still miniscule. Although if it is absolutely
necessary to operate with such high clutter densities, then by all i
means turn the gain down, as the improvement is significant.

TOTP R T TRy RN T

1f, in fact, amplitude is a useful discriminate between
clutter and valid targets, the gain control will act as a CRD and
even greater improvement factore can be achieved for such targets.
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AIRCRAFT

Model

Clutter Condition
= NCL/

-X
e

~

%

2

e v rned s et

Before
CRD

After
CRD

Before
CRD

After
CRD

Mcderate Clutter
IS

061

.78

.78

.92

Heavy Clutter

3

.05

.51

1.2x107°
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As it turns out, this is indeed the case for angels and aircraft, as

the great preponderance of angels are very weak targets. Thus, reducing
the gain can selectively reduce clutter returns, increasing the
detectability of aircraft as described above. Figures 9 and 10
therefore, represent the minimum possible improvements within these
models for the gain control CRD, with more improvement possible if
clutter and targets can be reasonably separated by amplitude.

Other models of the operator-receiver system and other CRD's will
yield similar conclusions and although specific results will be model
dependent, it is clear that with a monotonic decreasing non-linear
operator detection curve similar maximization effects can be found
for realistic CRD's. Such devices will, in fact, increase the number
of targets which can be detected., The price is the loss of a few
targets rejected by the device, but this loss can be made smaller
than the increase in targets newly detectable, resulting in a net
increase in detectable targets.

Adaptive Systems

The concern so far has been with the effect of clutter
masking as viewed over the whole FPI. Normally occurring clutter,
appears only in subregions of the PPI, with other subregions remaining
relatively clear. This means that subregions of the PPI display
should be individually processed by a CRD operation with the optimum
parameters for that subregion. This effect can be achiev~d by use
of various adaptive feedback systems. What is needed is some measure
of the clutter intensity as indicated by the ratio NCL/T.

It is possible, by monitoring both the input and output
signals of the CRD to calculate the clutter parameter NCL' Figure A

below illustrates the operation of the CRD in terms of number of
input hits (N°) and number of output hits (N')

o . 0 o - ' . o 1 o
N NAC + NCL N NAC + NCL fr NAC + fr NCL
> CRD >
Input Output
FIGURE A
c-21
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By observing both these numbers, and from a knowledge of the operating
point of the CRD, one finds,

)

o (N'-fr N)
New fr' ~fr (16)
where fr' is given by equation 13. The operator them can dial in a
value of r, indicating liis particular capabilities with haadling
clutter. The value of NCL/: would thus be available for feeding

back into the CRD to adjuet for the optimum operating point for the
clutter conditions. For example, in the linear exponential model,

5 the optimum operating point is characterized by,

2 N

) £rPEmm Ly o 1+ .03 -1 a1 - L——— ¥ an |
¢ (1 + .03 “cL)?

g T

while for the squared exponential

optimum
r P

£ = X - P/3 (18)
where
X =A 4+ 4

et e s e

t ~b b2 . a’
A = -i-i(z +-2—7-)3

W
"

1/3 (3q - p?)

o
]

1/:7 (2p3 ~ 9pg + 27 R)

[+
=]
[=5
e et e

N
= .0076 (-%Eo 2 3,18

p—-
q = 3.371
R = -1.191

——

These exact relationships are undoubtedly too complicated for quick
evaluation, thus some approximation will most likely be made in
practice. In principle, however, the feedback can be accomplished

c-22
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exactly within these models using this procedure. The feedback delay
between the actual calculation of N° and N' and the actual modification
of the operating parameters of the CRD will depend on the type of
clutter considered, although a delay of one or two sweeps would appear
to be appropriate.

. Target Identification :

For many purposes it is not desirable to merely eliminate

. clutter from the PFl-observer system. The elimination of the clutter
from the system, as shown, can improve target detectability, but can
then result in the observer vectoring aircraft into the clutter
regions on the PPI which have been cleared by the CRD. If the clutter
consists of birds as in the example considered, the results can be
particularly disastrous. Thus it is particularly desirable to display
the clutter on the PPI. This, in turn, would reduce target detectability,
at least with present display systems.

SRR T e S e ’W"W‘ i v il LT R Ry I L R S G B L .
Ll
,‘
e o s e o

ok A ena sl e

The obvious conclusion is to hav ., some unique method of
identifying targets and clutter on the PPI display (such as color,
or symbology). Target detectability is, after all, really 'target
identification'. The analysis so far has considered either the
presence or absence of clutter and targets and their interaction as
the primary effect. Actually, the same effects and conclusions can
be drawn if the problem is viewed as a target identification
problem, with all returns continuously on display, but separated now
by various display techniques into target types., Now the digplay
of the clutter targets can prevent the vectoring of aircraft into
clutter targets, measurably improving system performance and safety.

Generalization

Although the presentation has been covered in terms of the
interactions between a radar system and its ovserver, the conclusions
actually are more general, applying to any information handling system
where some desired informaticn must be sorted from undesired clutter
information. In general, this unwanted clutter information will
mask the actual information, reducing information transmittal rate of
the system and increase the need for redundancy to agssur2 the complete-
ness of information actually transferred. Thus, this more general
system may be described by a monotonically decreasing function
describing the fraction of the original information weceived from the

c-23
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system by the observer in the presence of clutter. This function will
satisfy a relation equivalent to equation 1 where the symbols now
represent information content instead of target counts., As a result,
the derivations of the previous sections can be developed for this
system and similar conclusions will be found.

For example, if there exists some sort of clutter reducing
device, which of course will also eliminate some of the desired
information, and if it is possible to satisfy equation 8 with this
device, then the information transmitted can be increased by reducing
the effects of clutter masking. This indicates how the generalization
to arbitrary systems can be developed, although the existence of the
device with the required parameters is not always assured.

C-24
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APPENDIX C-2

ANALYSES OF AREA MTI PERFORMANCE FOR ANGEL CLUTTER REDUCTION

1. Summar

An analytical model of an Ares MTI is derived. The model
reflects the interactions of random bird velocity, single-scan thres-
holding, different area MTI designs, dense angel clutter effects,
and operator masking effects. A practical baseline deuign is
evaluated with the model, resulting in the conclusion that the
Area MTI improves on single scan processing only if 1) angel
densities are light, and 2) aircraft detection by an operator
would be severely masked by angel clutter breakthrough.

2. Introduction

Scan~to-scan or Area MT1 is a technique which discriminates
against slow moving and stationary targets by means of the change
in their position from scan-to-gcan. The measured position of all
declared targets for one scan is stored in a digital memory. On the
next scan, the megasured positions of new targets are compared with
the stored position; 1f there are any scan-to-scan correlations,
corresponding to low velocities, the new data 1s not displayed.

For the ASR scan rate, a 60 knot target moves 410 feet (one pulsewidth)
from scan to scan.

While Doppler or pulse-to-pulse MTI discriminates only on
the basis of radial velocity (range rate), Area MTI discrimination
involves total velocity in any direction. Since bird velocities are,
on the whole, significantly smaller than ailrcraft velocities, Area MII
scems to be of potential value in reducing angel clutter. Area MTI
can be interfaced with single-scan processing (such ae 5/5 correlation)
and an operator as shown in Figure 1.

There are two main types of Area MTI, with seversl variations
on each type: Sector Map and Target Store.

The Sector Map Area MTI divides the surveillance area into a
grid on non-overlapping sectors; each range-bearing sector (or cell) is

C-25
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represented by one bit in a sector map. If a target is detected

in a certain sector, the storage bit for that sector is set to 1;
otherwise, the bit is reset to 0. When the dzta for the new scan
comes in, the cell is displayed only if the old scan-new scan bit
pattern is 0, 1.

The sector map can be implemented fairly easily. If cell
Juantization of 1/16 nmi by 0.75° fs used in a map out to 15 omi,
then digital storage of 115,200 bits is required. In addition,
fairly simple logic can be constructed to report the presence of a
hit within a cell,

The Target Store Area MTI stores the range and bearing of
the centroid of each target detected during a scan. When a target is
detected on the new scan, data from the old scan are searched to find
a target within a range-bearing correlation window corresponding
to low velocity., 1f a correlating target is found, the new target
is not displayed.

The Target Store Area MTI 1is most easily implemented with
a small digital rnomputer; the target store, search, and correlation
operations make hardware designs fairly complicated. To avoid a
delay of the displayed data relative to radar imput, two target
stores are required: Input (to store new targets as they come in)
and Process (te search for correlating targets)., If 500 targets are
to be proressed, about 2K to 4K of sixteen-bit memory is required.

In the following sections, simple analytical models will
be derived and used to determine the performance of the Area MTI
under various conditions. In Section 3, the basic mechanism for
bird-aircraflt discrimination is explained and a first-cut design at
an Area MTI is suggested DNetails of this design are attended tc
in Section 4, 5, and 6. The model is extended in Section 7 to
describe the interaction effects of multiple angels in a dense clutter
environment., In Section 8, the effect of operator interaction is
examined.

3. Display Probability

The performan.e of any Area MTI in angel clutter can be
modeled very simply by two numbers. One represents the probability
that an aircraft leaves the correlation bin it was in during the last

c-27

e e 4 e e e e o = e T S A . e o e~ e ot e o o




s E AR LA e der 1 s b i e LR Gariac
< T PR R SRR TSNV T H TR SR T TN TR T IR S L RS U AR R T RS 3
B lmwuw e . a B - [ — - o

! E

APPENDIX C-2 !

L agl 2 e L

scan; the other is the probability an angel leaves the bin. The

bin corresponds to a sector cell in the Sector Map Area MTI or to
the correlation window in the Target Store Area MTI. An ideal Area
MTI would be configured so that all aircraft move so fast that they
always leave their original bins, while birds never leave their
original bins. Denoting the aircraft and bird "jump" probabilities
by Pja and ij respectively, the ideal Area MTI has P, =1, ij = 0.

ja .
A practical design objective might be Pja =,9, ij = ,2; 90% of the

aircraft and 20% of the birds, on the average, leave the bins from
scan to scan.

ot et bt A

VN TSR

i e %" Ot

The probability that a bird or angel target is displayed
can be found easily by enumerating the two ways display can come about.
First, if a given target is detected by the radar on the present
scan but not on the previous scan, the Area MII detects no correlation
and thus displays the target (It is assumed here that there is no
interaction from other targets; angel densities are frequently low
enough so that this assumption is approximately valid The more
3 general case is treated in Section 7.) The other way a target can be
2 displayed is if it is detected on both scans and also jumps out of
its correlation bin between the scans. If airczraft and bird detectien
probabilities are denoted by P, and Py and detection is assumed

rox s

LR

TR T

indepandent from scan-to-scan, then the aircraft and bird display
probabilities, (Pdis)a and (Pdis)b respectively, can be found:

= - 2

(Pdis)a Py (1 pa) * Py Pja (1)
= - 2

(Piislp Pb (1~ P+ P ij (2)

Figure 2 shows how the display prcbability depends on
detection and jump probabilities, which are a function of bin size
relative to angel and aircraft motion between scans and the target
position within the initial bin. For a properly selected bin size,
aircraft would tend to fall on one of the curves with high Pj (0.8
to 1.0); virds on a curve with low Pj (0.0 to 0.2). It is

interesting to note that an Area MTI which is effective against birds

(Pj = 0.0) discriminates better with a Pb of 1.0 than with a Pb of

0.5. This corresponds te the fact that stationary tsargets are
displayed only when a miss~hit pattern occurs; this pattern is most
likely at Pb = 0.5.

C“'28 *
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FIGURE 2 DISPLAY PROBABILITY FOR AREA MTI
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Figure 3 illustrates the effect of an Area MII on aircraft
and bird display probabilities. Both curves show display probability
with Area MTI versus display probability without Area MTI. Note
that in all cases, the Area MTI reduces display probability (all
points are below the 45° line). The significant point about
Figure 3 is that birds with a high display probability before Area
MTI turn out with much lower display probability after Area MTI; for
example, 80% display probability is reduced to 297 by Area MTI.

This means that birds which single-scan processing fails to remove

are removed by Area MTI, When single-scan processing is effective,
i.e , P, = .2 or less, Area MTI does little to reduce this probability
further, Thus, Area MTI might be viewed as insurance on siagle scan
processing which becomes effective precisely when the latter fails.

The single-~scan detection probabilities, p_and p, are
related to each other by means of the single-scan th%esholdlng
technique used prior to the Area MTI. Desirable single~scan processing
techniques maximize P, while minimizing Ppe Figure 2,5-6 of Reference

2 in effect shows p, versus 1~ 128 for three detectors: an amplitude-

only threshold, a maximum run-length detector, and an M/N detector.
The values of P, and P, are average values for the bird and aircraft

tracks analyzed. To illustrate the relaticnship between single-scan
processing effectiveness and Area MTI effectiveness, we will consider
P, = (pb) as a reasonable approximation to the measured points of the

first of these three curves. This function is shown in Figure 4 as a
dashed 1line. (Actually, what is shown as a dashed line is the display
probabilities for an Area MTI which passes all aircraft and birds.

From equations (1) and (2), if Pja = ij = ], then (Pdis)a =P, and

(Pdis)b = Py Thus, the meaning of the dashed curve is that with no

Area MTI1, both display probabilities are low for very effective single-
scan processing which detacts few birds and few aircraft; as single scan
processing is weakened, thus passing more birds and more aircraft on
;:t;he Area MTI, the locus of (Pdis)a uad (Pdis)b follows the dashed

If an Area MTT is used, (P ) and (Pdis)b are related to

dis’a
P, and pb by equations (1) and (2). 1If a particular set of Area MTI

parameters is chosen, Pja and P b? the jump probabilities, are fixed

J
go that a particular curve (Pdis)a vs (Pdis)b is traced out as the
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’ (PDIG)A

(WITH 4 A) AIRCRAFT
. AREA MTI)

2 KX | X3 R 7.0
(Pois) a ( WITHOUT AREA MTI)

/

(?:f'r)r.n : ») BIRDS

AREA MTI)
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»

P, =02

o
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FIGURE 3 EFFECT OF AREA MTI ON AIRCRAFT AND BIRDS
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FIGURE 4 AIRCRAFT AND BIRD DISPLAY PROBABILITIES
WITH AREA MTI

(PARAMETERS ARE AIRCRAFT AND BIRD JUMP PROBABILITIES F,, AND P,;)
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first threshold is varied parametrically. Thus, each pair (P1a
- 4
ij) defines a different performance curve which can be used to

judge various Area MTI1 parameters using display probabilities as
criteria. Several of these curves are shown in Figure 4.

For example, it can be seen that any Area MTI that treats
aircraft and birds equally (i.e., Pja= ij) will actually degrade

performance relative to no Area MTI at all)., This is proved in

Enclosure II.As an example, the case of Pja = ij = .5 is shown.
Every point on this curve lies downward and to the right of the
dashed curve; in other words, a (.5, .5) Area MTI will decrease the
aircraft display probability and increase the angel display
probability,

An ideal Area MTI (Pja =1, Pib = () always does better

than no Area MTI at all; its points lie up and to the left of the
dashed line,

A practical Area MTI design might achieve Pja = 0.8,

ij = 0,2, Figure 4 indicates -that this Area MTI improves on single

scan processing for some values of the single~scan threshold, and
does worse for other threshold values. In order for the (.8, .2)
curve to lie to the upper left of the dashed line, it turns out that
D, must be larger than 667. Thus for this Area MTI, single scan

processing must pass at least 66% of the bird reports in order to make
Area MTI worthwhile,

A more desirable Area MTI would correspond to the (.9, .2)
curve in Filgure 4. 1In this case, p,D must exceed 24% in crder to

improve on single scan processing Points A, B, and C on this curve
which correspond respectively to P .5, .75, and 1.0, illustrate

that performance is improved as Py is raised. A reasonable design
point might be peint B, for which:

Pja = .9 (3)

?jb = ,2 (4)

p, = .93 (5)
c-33
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- ’ 3
: %
: P, .75 (6) {5
% (Pdis)a = ,875 (7)

3

g o

3 (Pdis)b = ,27 (8)

;

4. Area MTY Design

Design parameters such as type of Area MTI (Sector Map or
Target Store), correlation box size, and data quantization will now
be selected to satisfy equations (3) and (4).

The objective of this design is to pick the smallest
possible bin size and largest possible range- angle quantization LSB
size satisfying the 20%Z jump probability for birds. The smaller the
vin, the more sensitive the Area MII will be to slow-moving aircraft.

the larger the quantization LSB the fewer bits that will be needed to
store Area MIT data.

A rea3onable bird model would include random heading of
birds, a Rayleigh distribution of air spced, and a ground velocity
which is the vector sum of air velocity (i.e., bird velocity with
respect to the wind) and wind velccity. It is shown in Enclosure I
that this model corresponds to a joint Gaussian velocity vector with
a 30 knot standard deviation and a mean velocity in the direction of
the wind. Wind speed will be modeled as 0 knots on a quiet day and
30 knots on a windy day.

With a jointly Gaussian velocity vector, it turns out that
leaving the bin in the angle direction (probability Pe) and leaving
the bin in the range direction (probability PR) are independent
events, so that the total probability of leaving a bin is:

ij = PR + Pe - PR Pe (9)
The Area MT1 will be designed so that PR and Pe are
approximat ly equal; ip order that P, = 0,2, P

about 0.1,

and Pe nmust be

jb R
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5. Range Parameters

The correlation bin is first considered in the range
dimension only. Let the bin length be A. A stationary bird has no
chance of leaving the bin in one scan, while a bird traveling
with a radial speed of A/T (where T is the scan period, 4 seconds)
will always leave the bin in one scan, If the bird is randomly
located sn the bin, then velocities between 0 and A/T result in
intermediate jump probabilities, as shown in Figure 5(a). This is

the case for a target with deterministic velocity and the Sector
Map Area MTI.

RS Vo s B R L S

TR

If a Target Store Area Mil is used with infinitely fine
quantization of the range measurement, the target is certain to
leave the bin 1if its velocity exceeds A/2T, since it always starts
out exactly in the center of the bin. Any velocity less than 4/2T
ensures that the target never leaves the bin from scan to scan.
These conclusions are reflected in Figure S(b).

Finally, if quantization q is used with the Target Store
Area MTI, the resultant uncertainty in target position spreads out
the slope of the:curve, resulting in Figure 5(c). This curve can
be viewed as interuediate between Figures 5(b) and (a).

1
¥
s
3
5
f
2
:
4
A

If the above jump probabilities are integrated over the
Gausgian bird velocity distribution derived above (30 knot standard
deviation, 0-30 knot mean) then the average jump probabilities of
Figure 6 are obtained. The solid and dashed lines represent the
limiting cases of coarse and fine quantization (Figures 5(a) and
(b)) respectively. See Enclosure II1 for the mathematical derivation.

In order to achieve the design goal of PR = 0,1, it is

evident from Figure 6 that A/T must be at least 120 knots and that
some finite quantization (intermediate between the solid and dashed
liues) will be acceptable. For example, a range quantization cell
of q = 410 ft. with a range bin size of 4 = 1230 ftr, gives PR = 0,031

for zero mean wind and PR = 0,041 for 30 knot mean radial wind.
Although these values (q = 410 ft., A = 1230 ft.) give
conservatively low PR’ they will be chosen for practical reasons.

The quantizaticn corresponds to the ASR pulsewidth (1/16 nmi or
0.833 psec) thus simplifying the radar-Area MII interface. A = 3q
corresponds tv a quantized range window of * 2q = * 1/8 nmi, which
is also easy to implement, Since q < 4, the design has taken on the

Cc-35




AFPENDIX C-2

~A/T &/,r -V

A) SECTOR MAP {QUANTIZATION = BIN SIZE, LE, Q= A)

RS

v
~AJRT 2 /2T h

B) TARGET STORE - INFINITE QUANTIZATION (Q =0)

S

. + oV
SR = A
Q/v Q

’r

C) TARGET STORE - FINITE QUANTIZATION Q , Q < A

FIGURE 3 JUMP PROBABILITY VERSUS VELOCITY

~ ONE DIMENSIONAL NIN
~ DETERMINISTIC VELOCITY
- MANDOM LOCATIOM IN QUANTIZATION CELL
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form of the Target Store Area MTI. This is not offered as the only
possible design, but rather as a reasonable iirst-cut design.

With the above design, an aircraft moving in a radial
direction must have a ground speed of about 120 knots or more in
order to attain a 90% probability of leaving the bin in range

and thus escaping cancellation by the Area MTI. This can be seen
from Figure 5(c):

Pj 0.9 for v 4/2T + q/2T = 120 knots

6. Angle Parameters

Selection of quantization and bin size in angle is complicated
by the fact that angle measurement errors at each scan effectively
contribute to the apparent bird velocity fluctuations. At loog range
(i.e., approaching 15 miles) these measurement errors dominate the
effective velocity standard deviation Thus, the angle parameters
must be range dependent to ensure P0 = 0.1, which is the design goal

of Section 4.

An RMS angle measurement error Og = 0.2° is a reasonable

value for the ASR. This results in an effective bird velocity
standard deviation in the tangential or angle direction as chown in
Figure 7. Also shown is the apparent RMS velocity of an alrcraft,
for which the only contributing term is the angle measurement error

Since the highest probability of leaving the ceil in angle
occurs when che wind heading is tangential (i.e., perpendicular to
radial) a worst-case 30 knot mean tangential bird velocity is assumed.

The simplest design, for angie parameters considered first,
is the Target Store Area MTT with infinitely fine quantization
(corresponding to the jump probability of Figure 5(b)). Wich this
design, A must be large enough so that 4/2T is about 1.28 standard
deviations away from the mean velocity of 30 knots, since a Gaussian
variable has a 10% chance of being more than 1.28 =-units larger than
its mean. This is 1llustrated in Figure 8. The lightly shaded area
is the probability that birds leave the bin tangentially, Pe; this

must be set to 0.1, Thus given Cyb? the bird velocity standard
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z‘ i
5’
! deviation, the bin size must satisfy: %
] i
3 h)

% 5T 30 knots + 1,28 b (10)

The resulting & is given in Figure 9 as a function of !
range. A varies from 0.15 nmi at close range to 0.27 nmi at 15 nmi.

kg a3

With this bin size A, how fast must a tangential aircraft 5
travel in order to achieve a 90X probability of leaving the box? )
Figure 9 indicates the answer is: i

et = acachionu)

A
Va = +1.28 “y

7T (an

a

With these values of V8 and A, the dark shaded area of

Figure 8 can be held to 10%. The resulting aircraft ground speed
is shown in Figure 9; Va varies between 70 knots at close range and

210 knots at 15 nmi.

.
;
o
:
F
),
3
5

Up to this point is has been assumed that infinitely fine
quantization has been used. In fact, sngle. quantization of 11 bits
(LSB = 0.175°) turns out to give false alarm and detection performance
essentially identical to infinitely fine quantization. Use of 10 bits
or less essentially inhibits detection of aircraft moving less than
250 knots between 10 and 15 nmi. Thus 11 bits of angle quantization
are necessary,

7. Effects of High Angel Dengity

Equation (1) and (2) of Section 3 give the conditional
display probabilities for aircraft and birds, given that no other
birds were detected in the target's new bin on the previous scan.

If one or more were detected last scan, display would be inhibited
this scan. The unconditional display probabilities are the right
hand side of Equations (1) and (2), multiplied by the probability that
no birds were detected in the given bin last scan.

It is assumed in this model that birds bunch randomly; i.e.,
have positions completely independent of each other, If the two

C-41
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dimensional bird density is o birds/mnmi? before single-scan processing,
then it is p Py birds/nmi? after single scan processing. We can

now conceptually divide a bin with area A into N cells, each with
area A/N. If N is large, A/N is incrementally small, so that the
probability that one or more birds are in a cell is o 128 A/N. The

probability that there are no birds in a cell is 1 - p 128 A/N. The
probability that there are no birds in a bin (of area A) is just
(1-p Py A/N)N which, for infinitely large N, approaches

P_ [no birds in bin) = ¢ A Py (12)

Combining this with equations (1), (2) we have:

(Pdis)a = (pa Q- pa) + Paz Pja) P A Py (13)

(Pagedy = @y A= p) +p 2R e® AP (14)

Figure 10 shows the effect of varying clutter density
(p A) on display probabilities. Each of the curves represents the
locus of possible pairs of aircraft and bird display probabilities
for constant p A and varying first threshold (i.e., varying P, and

pb). Note that for p A > 0.5, the Area MTI always does worse than

no Area MTI at all (i.e, the solid lines are below the dotted line
meaning the Area MT1 provides a lower (Pdis)a for the same (Pdis)b

as no Area MII). For p A < 0.1, the Area MTI is useful, but only
if no single-scan processing is used (i.e., P, =P, = 1).

The important conclusions to be drawn from this model are
that heavy angel clutter renders the Area MTI useless and that Area
MIT helps in light clutter only if no single-scan processing is used.

8. Operator Detection with Area MTI

The Area MTI mathematical model at this point (reflected
by equations (13 and (14)) describes the probability that a given
bird or a given aircraft will appear on a display fed by information
from an Area MTI. Additional bird/aircraft discrimination must be
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supplied by an operator. Unfortunately, even if an aircraft is
displayed, it may be rejected by the operator as a valid target

if it 1is in a group of false alarms due to birds. This is called
masking. At present we have only a rough qualitative concept of

the effects of bird masking on operator detection; psychometric
experimentation would be needed to quantify these concepts. However,
a (somewhat speculative) model is proposed here to indicate the
general trend. This model is due to J. Miller (Reference 3).

The basis of the model is a masking function, F(n) having
the properties ¢ < F(n) £ 1, F(0) = 1, and F(n)+0 as n + =, In the
masking model, F(n) is the probability that the operator detects
an aircraft, given that the aircraft is displayed. In other words,
it is the probability that the aircraft is not masked. Here n is
the "effective average number of masking birds". For example,
suppose the operator looks over an area Aop on the PPI (suppose

Aop consigts of many bins , each bin consisting of area A). The
average number of birds in this area is p A op” The average number
op (Pdis)b' This is

the average number of birds which are effective in mazking an aircraft.
The unconditional probability that an aircraft is detected by the
operator is:

vhich "survive" Area MTI processing is n = p A

Pd = (Pdis)a F(n) (15)

The function F(n) is unknown, but Reference 3 suggests two possible
functions satisfying the requirements: F(n) = exp (~Cln) and

F(n) = exp (-Cznz). We will consider the first of these two.

Thus,
= {- A
Pd = (Pyyg), exp (-Crp APy o))
or
Pd = (Pdis)a exp (=Cp A (Pdis)b) (16)
= . ™ P "
where C C1 Aop/A atis "dis)a and ('dis)b are found from e¢quations

(13) and (l4). Figure 11 shows operator detection probability Pd as
a function of single scan alrcraft detection probability Pa for

varying clutter levels p A. The masking constant C is 10 in Figure 11.
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pA = BIRDS PER BIN :
: iOr j
4 2
i 3
3 pA =0 ;:
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rIGURE 11. OPERATOR DETECT1ON PERFORMANCE WITH AREA MTI
(MASKING CONSTANT C = 10)
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Note that for light angel clutter (i.e., p A < 0.1), opctiuum Pd
occurs for P, = 1, i.e., no single-~scan processing. For heavy

angel clutter (p A > 0.5), optimum Pd is attained for pa smaller
than unity.

Figure 11 shows the effect of operator masking with
Area MTI. Without Area MTI, similar masking would occur, yielding

Pd = p_exp (-Cp A pa“) (17)

Curves similar to Figure 11 were found for the "no Area MTI" case,
and the optimum Pd attainable was cross-plotted in Figure 12. Also
plotted were optimum Pd with and without Area MTI for light masking,
C = 1. As was noted before, the masking constant C is unknown.
However, C = 10 seems more reasonable since it implies that with 0.1
birds/bin, the masking function is exp (- (0.1)(10)) = 37%, meaning
that an aircraft has a 637% chance of being lost due to operator
confusion. If C = 1, than there is a 97 chance vf being lost due to
operator confusion with 0.1 birds/bin. The former of these twc seems
more reasonable.

Figure 12 supports the following major conclusion. Area MTI

improves slightly on single-scan processing if the angel clutter {s
light {p A < 0.4) and if masking of targets due to angel breakthrough

is heavy. If masking is light and/or clutter is heavy, Area MII is of

little use.
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3 i
ENCLOSURE A ;
j
- BIRD MODEL :

In Reference 4, an exhaustive survey of existing angel

literature formed the basis for a mathematical medel of angel
returns due to birds. One part of the model was the distribution

b Rl At b R L

. of angel speed (i.e., magnitude of the velocity vector), which was
found to be chi-square with six degrees of freedom in the absence
of wind:

A
: f(v) = ——X? e Yo, v_=9 knots (Al)
E 2 v;T_ ’ "o

S

2 S

This distribution does not lend itself to calculation of
the distributions of radial and tangential velocity components.
However, a slight modification of £(v) to g(v):

R e e L

V2
-
gw) =27 <« °° (A2)

vermits one to find the radial and tangential components of angel
velocity.

We assume that the angel's heading, ¢, is a random variable
between 0 anid 27 (which is reasonable for local, non-migratory flight).
Thus, defining a as $-6, where 6 is the angel bearing, we see that «

too is uniform from 0 to 2r. The radiai and tangential components of
velocity are then

v, =Vcosa (A3)
v, =V sin « (A4)
regpectively. Simple transformation of variables shows that v, and

Ve are both Gaussian with zero mean and variance 02. In view of the

simplicity of this result, the alternate bird speed model (A2) was
adopted with o = 30 knots. This results in an average air speed of
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ot H T

w—

v =V 20 = 37.6 knots from (A2) which is consistent with observation
A
of angels. (Reference 1 and 2).

7 twre ok sk YR

The above model describes bird velocities with no wind effects.
However, the Gaussian model is excellently suited to include the
effect of a mean wind by adding the radial (or tangential) wind
component in as a non-zero mean. In addition, these wind effects must
be considered in analyzing an Area MII which would be seriously
affected by additional bird velocity. Thus, if the wind direction and
magnitude are 8 and W respectively, then:

v e A

TRITPIZ T

T T
e o w2 KA L o e R

G

v

, =V cos atWcos (8-6) (A5)

T TR T

TR

V.=V sin o + W sin (B8~-8) (A6)

T

i.e., radial and tangential components of the net angel velocity are
GCaussian with a mean component in the direction of the wind.

P
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ENCLOSURE B

EFFECT OF AREA MTI WHEN P, = P,
ja Jb

It is shown here that any aircraft which treats aircraft
and birds equally (i.e., Pja = ij) actually degrades performance

relative to no Area MII at all., We first prove the following
theorem:

Theorem: Given h(x) and g(x), with h(x) < x, g(x) < x, h(0) = g(0) = 0,

h (x) > 0 and 8'(x) < 0, then h(g(x)) < g(h(x)).

Proof: Since h(x) is concave upward (ﬁ'(x) > 0), we must have

h( %, + (1-3) x,) < A h(x)) + (1-3) h(x,), 0 <A <1

In particular let X, = 0 and define t = ) X5 whence:
h(E) <= h(x) 0<ts<x

Similarly. g(x) is concave downward. yielding
g(t) 2= g(x) 0<tsx

Since g(x) < x, we can substitute g(x) for t in (B2):
h(g() < g(x) &

Since h(x) < x, we can substitute h(x) for t in (B3):
g(h(x)) > hex) EE

From (B4) and (BS) we have

h(g(x)) < g(h(x))
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We now let h be the function relating single~scan detection
probabilities, Py = h(pa). This function is the well-known Receiver

Operating Curve (ROC) which satisfies the hynotheses of the theorem
for h (Reference 5

We let g(x) = x -(1-P) x2, where P = Pja = PJb. Clearly,
J
g(x) satisfies the hypotheses of the theorem.
Given any P, then we have
p, = h(p,)
(Pyigla = 8(,)
(Byye)p = 8(a(p,)) 2 h(g(p,))
Paedp 2 BBy ) (B7)

for the Area MTI, while with no Area MTI, we have (Pdis)b = P, = h(pa)

(Pdis)a = pa

®,.)

Puistp = B((Ry;)) (B8)

Thus .f Pja = ij and a certain value of <Pdis)a is required, the Area
MII will have a higher (Pdis)b than with no Area MTI.
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ENCLOSURE ¢

CALCULATION OF JUMP PROBABILITY

Appendix A describes a model for the distribution of radial
bird velocity, resulting in a Gaussian distribution with mean V knots
and standard deviation o knots, where 0 < V < 30 and o = 30.

The conditional jump probability (given radial velocity)

is Pj(v) and is shown in Figure Cl (reproduced from Figure 5(c).

Superposed is the radial velocity distribution £(v).

P ) £(v) P, (v)

|
|
Wk
. ' : -V Figure Cl

Since the unconditional jump probability is

. 00

= f Pj(v) f(v) dv (cl)

=00

Fs

we have only to integrate over the seven regions indicated in Figure (Cl),
yielding the general result:
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APPENDIX C-2 ¢
1 3
¢
2 {
i
1 :
4 \ \ \ ’ \ ]
: p = o(btV) JIotd [b-vy,[b-v] faty), [a+¥), [a-v), [~V :
i b—a, ) b-al o | \b-a] {0 ['lb-a] | o .
x V2 32 b2 A :
i . ir-yey] ndiryey) iy M
2 PR S e 20 e 20 cosh %g -e ¢0 cosh %%- (c2) !
21 (b-a)
4 where - EE
A 6y =/ L e ? a E
3 -a Van
; Figure 5 can be used to substitute appropriate values of a4 and b for
A a particular Area MTI:
:

(a) Sector Map: a =10, b = 4/T
(b) Target Store: a = (4-q)/2T, b = (a+q)/2T

(c) Target Store with infinitely fine quantization:
q=01in (b), so a=b = 4A/2T

For (c) above, P, reduces to:

wm,',; oA el S TR N Y

]
pjaz-¢(A—-—’2§+v)-¢<”-/—2—§—i) (c3)

Special cases (a) and (c¢) were used to generate the curves of Figure 6

e etk w L ats
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APPENDIX D-1 %
SIMPLIFIED THEORY OF OPERATION FOR %
PATTERN RECOGNIZER TECHNIQUES é
{
Operation i
Basically a pattern recognizer uses measured data to i
1 characterize the object which the data represents. Normally, the !
T

characterization is accomplished by selecting among several possible

Es

-

[ U T PUPIE © To I S IO PIVIr R JRV PRI

alternatives which most closely fit the measured and/or extracted
data,

T

o

To arrive at this decision, all pattern recogniation devices

follow a three step procedure, :llustrated in general terms by Figure 1

~e

(Laoutis

The sample space is formed from the set of ail measurements of a given
target which will be used by *be veccgnizer. For this report, all

37 alternate-dwell amplitude samples from the range cell of the data
collect matrix containing the target formed the sample space. If

these 37 samples are considered as independent, then the resultant

PR -

sample space is considered to be 37 dimensional with one dimension

for each amplitude sample. Each complete measurement will then consist

PRSI

of a full 37 samples which are viewed as producing a 37-component

[RFFOTNN

vector® in this space. FEach target return produces a vector in this
sample space. Presumably, similar targets will produce similar vecctors, §
possibly allowing a partitioning of *his spare jutc regions containing

coly vectors for eath type cf trarget

M s e s wre

Feature Selection

ETATE L L H

Generally, e-+ter rhis space ‘s °{ *co high a dimensionallrny,
nr a -omplete sepavatisn 2f rarget types Is nct possible with the

measurements alone, s rhar some sovt of data redustion is necessary.

wmmA ke

This reduces the dimensicnali«y and increases the separation of rarget
types, 1f the appropriate veducricns are used. [he results of these
reductions are called features and form another spare, called feature

space Now, ea-h reduced result is ronsidered as ‘ndependent and

*
An n-vector is an n-dimensional vector, {.e., has n compounents,

= o . . . . - ?ﬁ
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occupying & separate dimension Thus, the measurements of the target

are converted into features, fcrming a single feature vector for

[T SV VU RGP SN TG v PN - 2L T

each target olbserved. In one of the approaches considered in this

report, 20 alternate dwell samples containing the target were selected :

T TR TR A T TR DA TSIy o e

to be used as features (the amplitude features set). In addition, 2
16 other statistical parameters including maximum amplitude, average
amplitude, run length, etc., were found for these 20 gsamples (the
statistical features set). These 16 additional quantities, along with
the selected 20 target samples, were theun treated as forming a 36-vector
in feature space (the combined features set). For this example, the
dimensionality of the feature space is essentially the same as the
sample space mainly due tc the limited nature of the study. In order \
to gain the maximum benefit within the time allowed, features were

liberally selected so as not to overlook any possibly significant

parameter. Once the significant features are fcund, the other features

R B S o b OS
TR T SRR A TR L e L

can be eliminated, reducing the dimewsionality of the feature space

required for the decision making process and the complexity of the

At ity g

system. However, the limited scope of the task precluded major effort

TR

tcward quantitatively identifying the most significant features, or

to reducing the number of features to an optimum level

Decision Algorithms

e N

e

Once +hese zppropr:ate features have been frund, *he re:2gnizer
uses 3 decision algorizhm which cpevates on this feature epace and

.dentiiles rhe tavget type by the feature vector fornd for eath unkncwn

RV

i o b 2 o =
e S S O

-avget. Basically, the decision algovithm consists 2¢ a known

partitioning of the feature space into subreglons. Previous experience

AL e i e St

with the algerithm is used to sssoclare ezch subregion with a targes
type, aud so, when a feature vecter for an unknown target falls within
a subreglon, it is identified with the associated target type. For the

angel clutter reducticn study, the feature space was partitioned iato

%
!
i-
)
1
§:
!
T
i

two subregions, one applirable to angels and the other to aircraft.
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Ideally, if angels and aircraft were to separate into two distinct
groups, they could be separated by a hyperplane drawn between the

two distinct groups, resulting in a simple partitioning of the

feature space. The texm hyperplane, as used here, is the generalization

of a three-dimensional plane to higher dimensjonal spaces. Since the

Eirit v vy b

dimension of the feature spaces used in this study were generally larger

TR

than three (the dimensionality of the example considered above was 36,

't 2o

i.e., 20 samples and 16 statistical features), hyperplane techniques

THET A

for separating target types were necessary. Obviously, illustratioms
cannot convey the appearance of such high dimensional spaces, so

examples will be illustrated in two dimensional spaces where the easy

TR

adai o

generalization to higher dimensions can be envisioned (a hyperplane

TR

in two dimensions is a straight line). Figure 2 illustrates the
situation which would occur for two simply separated target types
with two features. Here, ar in higher d’mensions, the decision is

nade by determining on whicl. side of this hyperplane the known target's
feature vector lies.

Unfortunately, it is not always possible to separate target

e el D S A TS UL S

types so easily, as is illustrated in Figure 3. This situation repre- é
sents the next level of complication, in that the target types are
still topologically separable, although now a mere complicated hyper-~
surface is required to partition this space. Once the hypersurface is
known, however, the decision is still made by noting on which side

of the hypersurface the unknown target's feature vector lies. The

hypersurface itself may have a rather complicated structure, in general,
although for most practical purpcses, it may be approximated by the
intersection of several hyperplanes. This is, in fact, one of the

procedures vrsed in this report.

e S

There is, of course, one more case to considerj rbat of
two target types which are not topologically separable in feature

space. This is the case most often realized in practice and is

characvirized by the groupings of the two target types overlapping

to some Jdegree. Figure % indicates the case for a moderate degvee
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T

of overlap for two target types. Here it is no longer possible to
pass a hypersurface between the two target types, so that no completely
i successful decision making technique can be devised.

T

Hypersurfaces
4 can be found, however, which will either minimize the number of
incorrect identifications or use a three-level logic to split targete

: into either type #1, type #2, or "don't know". This gives at least
] -

T ICN

_ some information concerning the target. Further identification %

. . techniques can then be applied to the 'don't know" targets, to complete g
the process. Occasionally this dilemma may be resolved 3Z another 5

3 | measurement is made, or another feature extracted, adding another

z dimension to the problem. 3

If the additional feature is chosen properly,
the target types may be #eparated in this higher dimensional space.

One is never guaranteed of finding the requirzd feature,

Al

(It must
exist, however, otherwise the separate target categories would not
exist to begin with).

T

Recognizer Development

Developing a patiern recognizer follows two phases, a
learning phase and a testing phase. The learrning phase is normally
performed off linz with a training data set and some learning algorithm

which will eventually generate the desired hypersurface. For this.
] report the Widrow—Hoff* technique ‘was used for the learning phase;

as the software necessary to implement this technique had already

1 : been developed at Bendix. During the testing phase, the hypersurface
2
;.

developed in the learning phase is 'ised by a recognizer (as simulated

d
L
s e i s B iR st Pt e AL Gl £ WAL

sl i bl XM

in a computer) to sort out a new set of targets to verify the proper

choice of hypersurface. In the testing phage for the simple case of

two regions separated by a single hypexplane, the decision procedure ?
! consists of determining on which side of the hyperplane the test

target's feature vector lies. Analytically this corresponds to a
comparison of the quantity:

*B.'Widrow and M. E. Hoff, "Adap:iﬁe Switching Circuits", Technical
Report #15553-1, Contract NONR~225(24) Standford Electronics Labs,
Standford, California, 30 June 1960
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n
S=% fw (1)
a1 M1

TR I P TG R R Y Fﬂ
{
I
i
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t
!
4
i
|
i
'
I

to a threshold Wo, where

(fi) = the feature vector ¥

T

(wi) = the hyperplane (weight) vector

Physically, S represents the distance along the hyperplane
vector (given by wi) from the origin of the feature space to the tip
4 of the feature vector (glven by fi)' This equation comes from a

generalization of the familiar scalar product used in vector analysis.

s ik bt L

wo, on the other hand, 1s the distance of the hyperplane from the origim.
If S is greater than wo, i.e.,

iy

1
s> (2)
o
then the feature vector is on the far side of the hyperplane; 1if S is
less than wo, l.e.,

§ <
. 5 WO

TR T

-~y

the feature vector is on the near side of the hyperplane, providing

a decision criteria. More complex hypersurfaces proceed in a similar

marner, except that now, several thresholds are used, one for each

ol ki S Bt 3z 2 e S o s ot

é hyperplane used to approximate the hypersurface. Depending on the

: technique used, all the thresholds need not be implemented for each

A target.

g There is z useful alternu.ive interpretaticn of equation (1), i
: This interpretation views the components of the hvperplane vector (wi) )

as weights, Equation (1) then correlates the weights with the features,

oy

weighting features favorable to one target type positive, and the other

L

Ly i

target type negative. Interestingly, the magnitude of the weight gives

s e i sl

the relative effectiveness of the corresponding feature in contributing

Lo

to the correct target-type identification. Thus these weights can be
viewed as a measure of the relative merit of the various features

: used in the learning phase. A feature corresponding to a low weight

D-19
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therefore contains little information concerning the identification i
of the type of target, and would be of little value in practical
applications. Heavily weighted features, on the other hand, contain
valid information concerning target type and may be considered as

distinguishing characteristics of the target. Thus, in addition :

to providing a systematic approach to utilization of several sources

of information to make target identifications, the procedure also

T TR

yields an evaluatiorn: of -the relative effectiveness of the information
sources.

o eeheas s

The object of the Bendix contract was to use the angel data
collected by APL, extract appropriate features, and use techniques

AT e I T T

available at Bendix to select the appropriate hypersurface or hyperplane, %

to produce the maximum correct-identification rate for angel and aircraft

7

targets. This process of selecting a hyperplane (or hypersurface)
is called "training a hyperplane" (or hypersurface). The computer is
first given an initial hyperplane, then based on successive iterations

through the training set of data, it moves the hyperplane around in the

TRy T I TR

feature space until the maximum number of correct decisions is made.

If a perfect separation of target types is ot obtained by this ‘hyper-

plane, successive hyperplanes can be generated, using "don't know" Z

Lk

TR W

targets from the previous hyperplane, eventually generating a fairly
complicated hypersurface., Once this hypersurface is found, it is

ther used in the pattern recognizer to make all future decisions.

LS

P et ass

Changes in the distribution of the target types are not accounted

for, as presumably, the training set was representative of all situa-
tions the pattern recognizers will encounter.

PR D Py 1)

0f the techniques discussed, normally one of them will be
applicable to almost any type of decision problem. Obviously, the

e b e

advantage of these techniques is that they can make use of information

from several channels at the same time, resulting in increased decision

making capabilities over techniques using only one channel. On the

Ll o

other hand, the obvious problems presented by the pattern recognition

D-11
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technique, is that a correct choice of features must be made in
-order to allow the simplest separation of target types. 1In addition,
the selection of the appropriate hyperplane or hypersurface, requires

fairly sophisticated techniques, particularly, when sucn large
dimensional spaces are used.

In- general, the approach can bte effective for most problems,
provided appropriate features have been selected, the hypersur®ace
has been properly trained, and the training data is representative.
The approach, except for feature selection, is systematic, and makes
use of all the information available to make decisions, instead of

qulte promising.

and should be explored more thoroughly, especially with an eye toward

optimizing the features used, and reducing the complexity of the
decision-making hardware or software.
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APPENDIX D-2

: Automatic Aircraft/Angel Discrimination for Angel Clutter Rejection

s 1 Introduction

This report describes a series of experiments performed at the Bendix
Communications Division which applied pattern recognition methodology to the :

problem of angel radar clutter reduction. Target amplitude versus azimuth data

were entered into the Bendix pattern recognition simulation facility to determine: g

(1) What level of automatic aireraft/angel diserimination

LA i

reliability performance may be ultimately feasiole and

;‘ (20 What level of performance can be expected to be realized

i s il s, L Laa b

within the practical limitations of a modest processor

installed at a radar.

Al g

Results of these efforts are contained in the next section of this report and are

e

related, as requested, to similar studies reported in JHU/APL reports MSO-F-148
and MSQO-F-156.

T TR T T TR Ty

II -Summary of Results

ks 2k et

The discrimination experiments conducted extended the techniques previously

i A B,

applied in three areas:

¢ (1) Hyperplane decision rules were trained fo make the necessary

Ly el k) i

discrimination by interative algorithms.
{2) Unmodified amplitude data were used as a portion of the input

parameter set to the decision- rule.

P AT T T T

(3) A number of other data statistics were combined withthe

R PP W

amplitude data to make the angel/clutter discrimination.

o Bt S b i s i e S
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These extensions enabled a hyperplane recognjzer to be trained to perform
perfect decisions (error free) on the training sample of 130 aircraft and 84 angels.
When tested on the entire normally occurring set of 259 aircraft and 168 angels,
this recognizer rejected 91% of the angel clutter while maintaining a 96% aircraft
acceptance probability. By varying a threshold in this recognizer, aircraft detection
probability can be traded-off against angel rejection probahility. The combinations
of detection and rejection probabilities obtained by this threshold variation are
plotted as the highest curve in figure 1. Figure 1 includes curves obtained by APIL.
studies for comparison purposes. Bendix hyperplane decision rules operated on
every other dwell amplitude over an interval of 40 dwells for a total of 20 dwell
amplitudes. Thus the Bendix curves are best compared to the APL curves gencrated
from 36 dwell data.

The significant performance improvement afforded by hyperplane discrimina-~-
tion is obvious from the curves, which indicate that an operational system could he
deployed that rejects between 7¢ and 807 of the angels without any aircraft loss.

The lower hyperplane performance curve plots the detection and rejection-
probability combinations for all the aircraft/angel data available. This curve should
be regarded as representing the performance that can be expected under the very
worst operating conditfons. Thirty-three percent of the angels in this data set are
labeled as 2n ''anomalous target", treated as a bird but consistently detected-as an

aircraft. This "anomalous target" is responsible for pulling the lower curve to the
left of the upper curve, i.e. for the large loss in angel rejection probability, Also,
61% of the aireraft in this data set are flying tangential to the radar and fading in
and-out of the MTI notch. The hyperplane threshold setting which produced the
$6%.-detection rate quoted above for normal ajreraft only degraded “» 90%, for such
tangential aircraft. Thus the difference in the two Bendix curves in figure 1 is

almost entirely due to-the "anomalous target'.
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FTCT

Since it is highly unlikedly that aircraft will fly tangential to th~ radar 61%

T 'v"-”:"

of the time, or more impprtantly that 33% of the time anomalous-targets will ke
present, Bendix hyperplane discrimination pexformance can be expected to be at

or near the upper curve plotted in-figure 1.

Fixed target clutter data was also made available to Bendix., Two hyper~

pla.ae decision rules were trained to separate hoth aireraft and birds from such

A

fixed target clutter using half of the data. When tested with the c¢ntire data base,
}
E these decision rules rejected over 90% of the clutter while losing only 2% of the
aircraft/birds. This clutter rejection performance is plotted in figure 2. A

hyperplane-discriminator of this type could be used in conjunctinn with the angel

rejecter to-greatiy improve PPI legibility.

1t should be stressed that all the techniques investigated and/or reported
by Bendix are amenabple fo hardware implementation-within the cost constraints
-of individual radar site-deployment.
III  Feature Extraction
Bendix was provided with every other dwell amplitude of APL's data base.
‘ From this, further selection was made.

1, To the Data Base

In APL's track 3-2, fixed targets (or ground clutter) appear in the data,

“
S . el e Nl o . At 17 ol et st oA bl .5 st At

G

“This data is-always excluded from bird/angel recognition problems and is treated
a8 a f{ixed target in a separate fixed target classifier.
. Tracks 16~1 and 16~3 marked '"an anomalous-target" were not used.in
training and-treated as angels in generalization.
The bulk of APL's aireraft data is without MTI, o tracks 21~1 and 22-1

{with MTI and MTI shut-off in mid run) were not used for training.
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2. Dwell Reduction

A threshold of {ive was compared to each dwell amplitude. Twenty
consecutive amplitudes after the first crossing were used as irnput data. (Twenty
dwells are equivalent to forty dwells in the original data.) Only one aircraft
target, the 64th run of track 6-2, was lost by this threshold. Inspection revealed
that this run does eventually exceed the input threshold level, but too late to take
twenty dwells in the available data.

This thresholding has a strobing effect on the data which facilitates the
training and operation of a pattern recognizer which operates on waveform amplitude

data. Strobing avoids simulation of data propagating through the recognizer during

generalization,
3. Extracted Feature Statistics

Sixteen amplitude statistics were generated-from the twenty dwells selected
by the threshold. These parameters were combined with the twenty dwell amplitudes
for a-total of thirty six features. The 21st feature is the unbjased-estimate of the
standard deviation of the first twenty.

The 22nd feature is the maximum amplitude and the 23xd is the average
value-of the first 20,

Features 24 through 33 were counts derived from amplitude cxossingsoften
different double threshold settings. Thresholds were sect at 10 & 5, 15/5, 15/10,
20/5, 20/10, 20/15, 25/5, 25/10, 25/15 and 25/20. A count was made of decreasing
wave form amplitudes as they passed through each threshold. Passage helow the

upper-threshold was countad as a + 1 while passage below the lower was counted

asa -1,
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Features 34, 35 and 36 were generated by counting the number of
consecutive dwell amplitudes which remained above the thresholds 8, 12 and
16 respectively. Only the firet such "run length" was calculated for each scan.
IV A Hyperplane Training Example

In BCD's pattern recognition routines, a set of features can be selected
from the 20 amplitude dwells und the 16 extracted statistics. A feature vector
i8 one of the N dimensfonal vectors generated from N-features. In the-example
diagrammed in figure 3, average vector 1 (AV1) is the average of all aircraft
feature vectors without MTI. Area normelizatior was applied to each 36.dimen-
sional feature vector. Average Vector 2 (AV2) is the average feature-vector for
area normalized angel-data (excluding runs 16-3 and 16-1).

The difference vecior is AV1 - AV2, and was amplitude normalized for
plotting purposes.
{ A fourth curve set, ""Hyperplane 20", is a representation of weighting
] values as a recognizer was trained on these data. Since the difference vectocr was
used aS’a‘atarting point in this training, one of these overlayed curves closely
resembles the difference vector plot. “Inthe first training iteration - all-data -
i area normalized - using-the difference vector as a hyperplane the recognizer made

67 errors, calling 7 of the 278 aircraft angels and 60 angels of 168, aircraft.

As fraining proceeded, the lotal -number of errors were reduced and became
mozre balanced between the two classes. With each iteration a hyperplane was plotted
and on its movement, speed of convergence etc. further-experiments were planned.

The hyperplane decision rules employed by Bendix simply compute the inner
product-between the input feature vector and the weight vector composed.of the N
weight parameters. If this inner product crosses a similarly trained threshold, the
input feature vector is decided to come from an aiveraft. If it does not cross the

threshold, th. iarget is-rejected as an angel.
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V  Discrimination Experiments

A Discrimination based on extracted statistics alone

Angel rejection-experimerts were conducted using the 16 extracted
statistic features alone as input to the hyperplane decision rule. This was done
to determine whether dwell amplitude information was needad and fo relate hyper~

plane decision performance to APL results achieved with feature parameters of

e B Tkttt Akttt &
g T T T T Ty }

jrempm—"

the same type. It was concluded that extracted statistic infoxmation alone is

insufficient for reliable angel clutter rejection and-that dwell amplitude information
must be included.

The following describes the experiments which lead to-that conclusion.
‘When a single hyperplane decision rule cannot handle a discrimination problem,

other hyperplane decision rules can be-added to it to assist it through the following

— YRR T T T
e o e

"sequentfal” structure. Such 'sequential" hyperplane structures, since they-are

‘nonlinear processors, can handle discrimination problems which are linearly

AL

inseparable. The angel clutter rejection problem from Bendix experiments appears
to be linearly inseparable, since a sequential structure was necessary to achieve zero
-errors in a training sample. To create a "sequential” structure, the threshold of

the hyperplane is incxeased and decreased until no:errors occur. The two extreme

% threshold settings which eliminated the errors are termed a double threshold. All
those feature vectors which cause hyperplane innerproduct values to lie between
‘the double threshold are difficult cases which that hyperplane cannot discriminate.

Therefore, a second hyperplane is trained to discriminate just those feature vectors

which proved difficult for the first one. Because the second hyperplane-does not
‘have to consider the feature vectors that ware successfully handled by the first

‘hyperplane, the "'difficult” discrimination problem {s "easier'" for it. Should the
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second hyperplane decision rule also not be able to achieve zero error discrimination
without a double threshold, the procedure is concatenated by establishing a double
threshold for it and training a third to discriminate its difficul{ cases. During
operation, if the {irst hyperplane can make a decision, i.e. if both or neither of

the double thresholds were crossed, it does. If not, then and only then the sub-
sequent hyperplanes are consulted to resolve the move difficult cases.

Figure 4 documents the training of the first hyperplane using the 16
extracted statistic features. The two plots to the right of the figure depict the
gradual changes in the hyperplane weights during each-successive training iteration.
Since the dimensionality of the feature veclor is 16, the-weight vector has-a dimen~
sionality of 16 and therefore has 16 components, When the weight corresponding
to a feature value increases in absolute magnitude, this indicates that the decision
rule trainer is finding-out that this feature is gaining significance in the overall
discrimination problem. On the other hand, when the magnitude of a weight
decreases, it can be concluded that the corresponding feature value is not as

significant as the other features when used in_combination with those features.

Note that the 14th weight continually decreases in magnitude, indicating thatthe
14th, viz. the run length over a threshold setting of 8, could probably be e(iminated
without effect on the performance of this decision rule. This hyperplane was termed
"No. 33''. Hyperplane numbers are assigned in the Bendix pattern recognition
simulation facility as names, and-do not reflect either chronologic-events or any
other information. Indeed, they rarely are cuonsecutive.

Hyperplane 33 in this case could not achieve zero error operation.
Therefore, Hypexplane 36 was trained on its-difficult cases, which is documented

in figure 5. Hyperplane 36 made errors 2lso. A thirdlevel in the sequential logic
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was therefore attempted. However, it was noted in the average vector plots at
the beginning of that training, which are plotted in figure 6, that the aircraft
and angel: average vectors were almost identical beth in shape and amplitude.
This indicates that the Iii“armation contained in these 16 features is inadequate
for discriminating difficult aireraft-and angels. This conclusion was further
verified when the attempted treining of a third hyperplane ended without signifi~
cantly increasing the number of feature vectors successfully discriminated.
B Training and generalization of a single hyperplane decision rule
with 36 features
The 20 consecutive dwell amplitudes dfter the first strebe threshold
crossing (i.e. amplitude greatex than 5) were then added to the 1 3 e:xtracted
statistic features to form a feature vector witi; a dirncusionality of 36. Half of
the aircraft feature vectors (130) and half of the angel vectors (84) wore picked
at random for hyperplane training. Hyperplane No. 22 was trained onthis data.
Its weights are plotted in figure 7. Note that the 16 extracted:statistic-features
at the end of the feature vector still aprear to be more significant than-the dwell
amplitudes. The training of this hyperplane is documented in-figure < sad 2.
Using the threshols produced by the training algorithm, 17 aircraft and
5-angels were misclassified by Hyperplane 22. Curve A of figure 10 demonstrates
how aircraft detectio: probability and angel rejection probability can be traded-off
through threshold variation. One of the points on this curve represcnts the 17 ard
5-errors made by the unmodified threshold.
Without any modification of Hyperplane No. 22, it was-tested against
#£3 afreraft and 168 angels. Curve B-of figure 10 plots the probability trade-off

curve for this larger data base. Note how closely the knee of this curve approaches
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the performance achiever on the training sampls alone. This excellent
“generalization of Hyperplane No. 22 guided the construction of a sequential
structure based on it and described in the next section. Point C in figure 10
is the generalization of that sequential hyperplane decision rule. It is plotted
here simply for reference and to demonstrate that a sequential structure can
improve generalization.

Generalization can sometimes be facilitated by training a hyperplane
deciszion rule on "hand selected' data which are very representative of target
classes: to'be diseriminated. A training sample o7 87 aircraft and 85 angels
was so selected. Hynerpilane No. 38 plotted in figure 11 was trained on that
datz base. Note again that the extracted statistic-features are still relatively
more significant than the dwell amplitudes. The training of this-hyperplane is
documented in figure 12. The generalization probability trade-off curve of
Hyperplane No. 38 is plotted in figure 13, Note through comparison with curve
B of figare 10 that the generaiization of this hyperplane is inferior to.that of No.
22. The-knee in this curve-is lower and less pronounved. In this-case, a selected
training sample actually hinderd generalization.

Lased on these results, a sequential-structure was trained using No. 22
as the first hyperplane decision rule.

C  Training and generalization of a-four hyperplane.decision rule with

36 featurcs

Using the same training sample of randomly selected-feature 'vectors,

three additional hyperplanes-were trained to achieve a sequential structure. These

three hyperplanes were numbexed 23, 24 and 25 respectively. Their training is
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documented in figure 14, 15 and 16, Note that the average feature vectors remain
distinctive in the 20 dwell amplitude values. This indicates why these higher
dimensional feature vectors are more effective in providing sufficient information
for the reliable discrimination of "difficult" aircraft and angels.
Figure 17 plots the weight vectors of all four hyperplane decision rules.
Note that in the first two hyperplanes in the sequential structure, viz. Nos. 22 and
23, the 16 extracted statistic features are still relatively more significant than the
dwell amplitude information. However, in the latter two hyperplanes, Nos, 24 and
26, all 36 features contribute more or less equally to the final dissrimination.
This result confirms the conclusion that the dwell amplitude information is essential
for discrimination of ""difficult" aircraft-and angels. Reliable angel clutter reduction
can only be achieved through inclusjon of this type of input data.
The first t:ree hyperplanea, Nos. 22, 23 and 24, all have double thresholds.
If-an innerproduct value for ary of these -three decision rules lies-between the double
thresholds, that hyperplane does not make a decision, but refers the feature vector
to-the next hyperplane. However, the last hyperplane, No. 26, does not have a
double threshold. It is forced to make a-decision on all feature vectors which are
presented to it. Which hyperpiane ultimately makes a decision in a sequential
structure like-this, can be used to denote the inherent credence in-the decision.
If-the first hyperplane makes-the decision, the discrimination can be regurded as
firm. On the other hand, if-the third or fourth hyperplanes make the discrimination,
less credence might be placed in the result. No attempt was made during these

efforts to incorporate this type of credence information into the angel rejection

problem,
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Of prime importance 18 th. iesult that this 4 hyperplane recognizex

achieved error free operation on its randomly selected training sample. This

= e g e T

perfect performance is plott::d as Point A in figure 18. When generalizing to

A

the large sample of 259 aircraft and 168 angels, Curve C resulted. Curve C

constitutes a majox result of this effort and is discusssd in the Summary of

w

Results section of this report. The probability trade~ i to generate this curve

: was performed by shifting the double threshold of Hyperplane No. 22, the first

one in the sequéntial chain, This threshold variation couid vasily be controlled
: vy a PP operator-to optimize the angel rejection characteristics in the face of

varying target and clutter conditions.

b L1

’ Curve C establishes that significant angel rejection is -possible with
zero aircraft loss, However, improved performance uver that-given by Curve C

could be obtained in deployed-s . iems by implementing & ~quential hyperplane

-

S S Tl C-a i o i
pa

decision rule that had the b2nefit of a large training sample. Training on the full

: feature vector set was not attempted during this effort.

The seanential decision rule-wss tested with the "anomalous angel*' and
"tangential" afrcraft feature vectors. Xarformance against this data is plotted
as Point D in figure 18. Ncte that the "anomalous angel target' was called-an

aircraft by the hyperplane decision rule over 75% of the time. Combining this

il i

difffcult data with the normal generalization sample yields the probability trade-

T

off curve-labeled E in figure 18. Curves Eand C a. 7 replotted in figure I and
discussed-in the Summary of Results section of this report.

D Experiments with 20-dwell amplitude features alone

Once reliable angel rejection had been demonstrated using 36 dimensional

features, attempts were made to achieve-similar levels of pexformance with feature

D-42
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RecoémnrzeR witH 4 HYPERPLAMES.
Hyp. Mos. 22,2324 § 26
36 FeaTuRES, UMMORMALTZED

C:A ReeresenaTzve LzmiTeD LEARNING

A T RCRAFET R ECOGNITION F?/:,- =

50O
{
40 - -
]
: « B » .
" ?
v 30 By A
. | . : ; -
I 1 '
N : 20§ - - - ‘.. - — - -
- - - : '
3 W .

R AN'G-EL ERTBERZ RATE

A ,/o,za 39‘40 o e 9o' ST
A - Training Sample (130, 84)
B -~ Generalization Sample (129, 84)
C - A and B Combined (259, 168)
D ~ Alrplanes Tangential to MTI and Anomalous Angels (401, 82)
E - All Afrcraft and Angel Data (660, 250)
Figure 18
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vectors of reduced dimensionality. Three reasons motivate this approach:

(1) Fewer features require less feature extraction signal processing.

T

(2) Fewer features permit more efficient hyperplane decision rule-

{raining,

(3) Trafning with 36 dimensional vectors has indicated that some

7

! of the features receive insignificant weights during training.

1 Hyperplane No. 5 plotted in figure 19 was trained on a selection of 167

aircraft and 168 angels using only the 20 dwell amplitudes as features. This '
training is.documented in figure 20. Note that the general shape charsacter of

the difference vector has been carricd over into the final hyperplane weights.

Figure 21 plots the probability trade-off curves for this hyperplane. Curve A

E for this hyperplane plots the probabilities obtained when tested with the training

] " sample. Comparison with the similar curve for Hyperplane No. 22, Curve-A

of figure 10, shows that No. § has superior performance, viz. a higher and-more

s

pronounced-knee. This comparison is all the more significant when realizing that

‘No. 5 has a‘much larger training sample and uses only the 20 amplitude information.
This indicates that possibly no statistic feature extraction may be necessary to

achieve reliable angel rejection. On the other hand, comparison of the B Curves

for these two hyperplanes, which plot the probabilities-obtained when tested-ag:inst
all the normally occurring data, shows that the 36 feature hyperplane No. 22,

has superior generalization. The final conclusion as to-whether or not statistic ‘

feature extraction is required can only be answered by the development of a

sequential structure based on 20-features similar to that developed for the 36
featured vectars. Thic repoxt in a later section strongly recommends to pursue
that development, since the resolution of this question-makes significant impact

on the amount of hardware required for on-site implementation.
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Curve C of figure 21 documents generalization for all aircraft and angei
data available.

Figure 22 plots the welghts of Hyperplane No. 37 wnichwas trained on the
randomly selected training sample, Figure 23 plots the probabilities obtained
when this hyperpiare is tested with all normally occurring aircraft and angel data.
Clearly this per{ormance is inferior to others previously obtained.

E Fixed target (clutter) rejection

Hyperplane decision rules were trained on a randomly selected training
sample of fixed target (clutter) and aircraft/angel feature vectors. Hyperplane
Nos. 29 and 32 resulted from that training and are plotted in figures 24 and 25.
No. 32 was obtained from the same training session as 29, but received more
iterations through the training set. This is reflected in the weight plot shapes.
No. 29 is smoother and No. 32 had more time to make finer-adjustments to its
weights. The training of these hyperplanes is documented-in figure 26. Note
how the weight plot in the right-hand portion of the figure gradually changed
from that of No. 29 to that of No. 32.

The excellent generalization properties of these two hyperplanes are
plotted and discussed in figure 2 presented in the Summary of Results section.
Hyperplane No. 29 had-a 97.7% aircraft/angel detection rate-and a 92.7% fixed
target rejection rate. Comparable percentages for No. 32 are 98.1% and 90.6%.

Figure 27 diagrams the manner in which this fixed target cluttar rejection
capahility could be used in conjunction with an angel rejection function. The
serial logic flow conserves signal processing resource in that only target data
known to be an angel or an aircraft are presented to the angel rejection decision
rule. This serial logic flow is permissible because of the zero-aircraft-loss

operation of the strobe threshold and the fixed clutter rejection rule.
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VI  Recora:vendations

A General Recommendations

The wwork reported herein establishes that very high levels of angel
clutter reduction are possible with zerc-aircraft-loss. A recommended imple-
mentation is described in the next section of this report which is economically
acceptable for on-site deployment.

Therefore, major recommendations can be made at this time:

(1) Continue hyperplane decision rule experimentation to develop
a reliable rule trained on a large representative sample of aircraft/angel
data using only the 20 dwell amplitudes and as few of the-special processors
3 as possible.
; (2) Conduct a systems studv-based.on the resulis of this expermen-
tation and finalize hardware design.
1 (3) Construct a prototyre angel reduction system and install at an
active ~adur site.

(4) Monitor and evaluate site operations.

(5) Finalize system deployment specification.

Cibiai o b i B

(6) Produce and deploy angel reduction processor systems.-to appropriate

sites,

Because of its.combined in-depth experience in all phases of these required
tasks, Bendix Communications Division feels especially qualified to.perform them.
The integration of decision rule training, systems study, hardware design, radar
signal processing, site installation and equipment production capabilities within one

contractor's expertise would greatly facilitate action on these recommendaticns.
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B Preliminary Implementation Recommendation

The implementaijon shown in figure 28 conforms exactly to that simulated
on the computer. Thus it {3 recommended only to the extent that all of the various
special processors are needed, Further study will probably show that only a few
axe truly useful. However, to gain some idea of the worst case cost of an eventual
system this maximum system was blocked out and estimates based on it, These
budgetary, quantity estimates are under $12,000 for a single channel system and
under $23, 000 for a dual system.

This system configuration i8 presented here solely to substantiate the fact

T T L T N T T T e YR T T e e vmw-m—wv:
.-

that the signal processing developed during the reported work can be implemented

within the economic constraints of large scale site deployment.

3 In developing 8 proposed hzrdware realization both minicomputers and

3 special purpose processors were considered. The-special purpose circuits won
Et

3 out because of the large number of multiplications required in near real time-and

because the fixed and parallel nature of the operations required-take little advantage
of the general purpose, sequential capabilities of a-computer.
The major cost centers considered in arriving at quantity budgetary

estimates are listed below:

aadi

Materia’}

256 Bit Shifi-Registers  A/D Converter

400 Bit Shift Registers  Sjuare Root ROM

2048 Pit shift Registers D/A Converters

8 x 20 RAM's Miscellaneous Modules
Multipliers

Cabinet

PC Boards

Power Supplies

Miscellaneous Hardware & Cable Set

Assembly & Test

Instruction Books & Docpmenhtbn

Markup
Single Channel System 312,000

Dual Channel System $23, 000
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The operation of the system is as follows:

1. MTI Video is converted to 5 bit digital words at a sample rate of
0. 4 usec (approximately one half the pulsewidth). All processing is then carried
on digitally. When video 18 mentioned it should be understood as digital video.

2, Whenever the video exceeds a threshold a strobe pulse is generated
which places a sampling gate around the range of the strobe. (Typically the
gate is 3 range cells (1.2 usec) wide centered on the strobe,) This sampling
gate is repeated every other PRF period at the same range for 40 PRF periods.

3. The sampling gate allows video to flow to the peak detector which
determines the maximum value in the three contiguous range cells. The output
of the peak detector {s, therefore, sets of 20 samples taken every other PRF
perjod at eac,h range where a target appears. In-this system 256 range cells are
considered, This gives a total coverage of 1.2 usec x 256 = 307.2 usec or 24.8 miles.

4. The samples are next processed by the-special purpose:circuits, These-

handle the data-in real time keeping running sums:for each range increment. For
1
20

adds it to the value already recirculating in the shift register memory. In this
s
way ﬁ i or 8§ is available only one multiplication and addition after

example, the average value circuit (figure 29) multiplies each sample by 5z then

the 1ast sample. Multiply and add tirnes are typically 300 nanoseconds each.

“Thus the answer {8 ready in less than the 1, 2 usec-range increment,

The other special processor circuits operate in the same general
manner with varying degrees of complexity,
5. The 20 amplitude samples are fed to the four recognizers in parallel

where they too are processed in real time. Figure 30 shows the ampiitude section
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of a typical recognizer. The weight memories are svall, solid state, random
access units which operate in 300 nanoseconds, Thus the time required for
access, multiply and sum is still under 1.2 usec keeping the process real time.

6. Bince the outhuts of the special processor for any particular target
are not available until after the last sampe (the 20th}, they are weighted and added ,
to the amplitude sum during the time beyond the clutter range in the 40th PRF
period.

7. With the recognition sums complete, the output of each recognizer
is fed to the logic circuit which implements the simple decision tree described
previously in the simulation sections. The output of the logic circuit-for afrcraft
is a pulse at the target range.

8. The pulses from the logic circuit are sent to the azimuth width
generator which produces pulses at the target range for a number (K)-of succeeding
PRF periods. This output is called the decision video and when appliedto-a PPI
will show only targets that the recognizer considers to be aircraft. The apparent
target azimuth widths can be varied by varying K.

9. Provision is made for generating gated MTI video or MTI video so that
by using the PPI mixing circuits various video and background combinations-can
be obtained.

10. 8ince the decision making process takes 40 PRF periods all videos
and azimuth change pulses must be deiayed correspondingly. Videos which are
to be integrated (i.e. all primary radar videos) should be delayed less since the
integration process also produces a delay.

D-61
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C Further-hyperplane decision rule experimentation
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Work can proceed immediately to investigate whether comparable

o O YT Y Y] e T

performance can be demonstrated with dwell amplitude information alone
without the use of extracted statistic features. If this can be accomplished,

significant reductions in signal processing hardware requirements would be

e e e e

possible. This would favorably impact both system cost and reliability/

o e

maintainability considerations.

If satisfactory performance -cannot be achieved with dwell amplitude
information alone, surely some of the 16 extracted statistic features can be

dispensed without noticeable performance degradation. Prime candidates for

T TS . YT

such deletion from the feature vector are some of the double threshold features

Py

and possibly the amplitude standard deviation estimate. Any such reduction in

™

input data requirement would again-favorably impact site implementation.

——y

When using dwell amplitude information, it has been demonstrated
during this program that area normalization of dwell amplitude feature vectors
can significantly improve decision rule performance. Amplitude waveform
samples can be efficiently area normalized in hardware implementations. Thus
experiments should be conducted which seek to establish the benefits aceruing
through-area normalization.
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APPENDIX E-1
DESIGN DATA FOR RECEIVER GAIN CONTROL CIRCUITRY

In order to accommodate different density angel
situations, different SIC attenuation profiles should be provided.
Based upon the information presented in Section 4.l1.1, the best

profile is proportional to R4

; however, the best attenuation
level is dependent upon angel altitude. To provide for these
variations, the STC generator design provides for the three
profiles, It should be emphasized that this circuit approach can
be used to generate any desired profile shape. The attenuation
profile is maintained in to 2 mmi. Within 2 nmi, constant atten-
uvation is used.

Figure E-1 is a schematic diagram of the STC generator.
The remote lines select the appropriate Programmed Read-Only
Memory (PROM); they also select the clock frequency. Since the
total STC range is different for each curve and since there are
64 range bins in each curve, the clock frequency is a funrtion
of the particular curve selected,

The control signals can be easiiy traced by referring
to the Timing Diagram, Figure E~2. The ASR SIC trigger is buffered
by the input amplifier. The STC trigger is used to reset the
address counters and the divide by 14, 12 and 10 counters. One-
shots #6 and #7 generate one clock pulse during the radar dead-
time and set the address counter to binary "1". The output word
of the selected PROM is then decoded by the D/A converter, The
analog voltage at the converter output is then at the correct DC
level for the start of the sweep., Thus the IF attenuation will
be constant out to two nautical miles.

One-shots #3 and #4 along with flip-flop 2 are used
to gate the clock into the address counter at a range of two

nautical miles. As the counter counts from 1 to 63 the atored
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APPENDIX E-1

STC TRIGGER L‘W
ASR JT70! t

12us

ASR MOD TRIG

STC TRIGGER__ |3V
BUFFERED

37us I—
ONE SHOT3 _J= — — ‘
37us DELAY )

ONE SHOT-4 Q - 1 v

A
T

ADDRESS COUNTER
CLOCK ENABLE et
FF2-Q

CHRS LSBT, Ul Jl==-

CLOCK INPUT

STC SWEEP -

ONE SHOT-I-8 U —
,;;Fs

a

- ]
END-STC SWELP ' , l__

FFI-Q END OF
NORMAL SWEEP

TERMINATE _— y
SWEEP g

STC OUTPUT

ONE SHOT 5
G.OUTPUT

4

‘ U I;;c

A
T

COUNTER 'U

RESET
ONE SHOT 6 ‘
Q-OUTPUT l;.

ONE SHOT 7
QOUTPUT — J

(STEPS ADDRESS COUNTER

TO A COUNT OF "ONE")

r

—

1]
7

FIGURE E-2 STC TIMING DIAGRAM
E-4
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APPENDIX E-1

words in the PROM which coxrespond to consecutive amplitude points
on the curve are brought out on data lines and converted to an
analog voltage by the D/A converter. The operational amplifier
following the converter provides for adjustment of the STC sweep
amplitude.

When the address reaches "63" the output of the eight-
input NAND gate goes to ground which triggers one~-shot #5 and its
output pulse then clears FF2 thus inhibiting the clock pulses.

The contents of the address counters remain at '"63" and the output
of the D/A converter will be at its maximum value. The next

STC trigger will generate a counter reset and the procedure is
repeated.

The operation used to terminate the STC sweep at a
selected range operates as follows: The control switch is thrown
from the "normal sweep" to the '"terminate sweep" position. If
the sweep 18 to be terminated at 15 nmi, for example, the
potentiometer is adjusted for a delay of 15 nmi x 12,36 .8 (delay
from Mod Trig to STC Trig = 197 us).

At a range of 15 nmi the trailing edge of the pulse
at orie-shot #2-Q nutput triggers one-shot #1 and a 1 1s pulse is
generated which prevents FFl. The ground at the Q output of FF1
is inverted and logic "ones" will be present on address lines.
This address places amplitude word number 63 on the PROM output
lines, thus causing the output of the D/A converter to reach its
maximum amplitude. The address counters are still counting clock
pulses until a count of "63" is reached and the eight~input NAND
gate generates a clock inhibit via one-shot #5 and FF2,

The next SIC trigger clears FFl and resets all counters
and the procedure is then repeated.

E-5
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-AZIMUTH CORRELATOR DESIGN DATA

A schematic diagram of the Azimuth Correlator is
shown in Figure E-3 and E-4. The top row of elements in Figure
E~-3 1s 20 1000-bit shift registers. The ocutputs are gated to
a set of full adders for determining the number of ones at the
output of the shift registers. The gates are for range control
of n. This sum is then compared with the threshold (m) in the
two 4-bit comparators. If the threshold is exceeded, a correlated
synthetic video output pulse s indicated. Figure E-4 is a
schematic of the control necessary to change the values of n and
m at a specified range. The two m values are indicated as m and
m, and are represented by 5 bits each. When the contrcl line is
high one set of 5 is gated to the threshold. When the control
line is low, the other set of 5 are used, The cperation for n
is similar except d decoding matrix is necessary to provide for
the proper selection of the gates. With 4 lines for n, and n,,

n can be varied from 5 to 20. The timing diagram is included in
Figure E-5.

ke ad e -




APPENDIX E-2

(2401 L133HS) WVHSVIG JILVNIMIS. HOLDIL3IQ HOLVIFNNOO HLINWIZY £-3 3HN9ld

O

- o it ™ st ik
N ki b o e s SR o it 4 bbb~ i s e D i




(2422 L3I3IHS)
8 WYNOYIQ DILYWIHOS HOLOILLIQ NOLYIINNOD HLOWIZY  ¥-3 IunNold
al
>
a
m (@ - (¥SivLNS)
& [ ¥300030
2w % 3INM 9HQL-3NIT b
£ BN
b |
S m 2
j 9 % €
_, e — , v (LS LNS)
. ..ox»zoo# | | UK
3ive (8~ , % S INMLOL-3NNZ
e %MV e L % ,,
| e | , o ¥ , qL v | m,n..luw.l..1~c o
. K A o Y@ |,
! g5 , Yie———— U
I 1 . m

o .

{
lhnnﬂ A4
o

x
f t
‘ +—10HLNOD

" ‘a A €l

. ti

W L J { ! S me\llNE

w {S3001Q 021) XI4LYWN 3001 Ozoowxm F‘iﬂ..,s v "

|

j

T e " X i e s e
A “ . e " - “ - sl ot i b i i s
Nt et il ks Ak o B nd  kad < e e &L s b Rt ik il Do -



T

%

*

APPENDIX E~2
Re TIMING (PRETRIGGER DELAYED) -
TRIGGER saa,u Teaa,n*' ,
$, CLOCK l i 1 I
TaTasT 8330 1
$2 cLock | l L |

wresmate | ———— L [ LT L

L Y11

% END OF CONVERSION

INTEGRATE 2
SAMPLE | | J’ 13 - |
SAMPLE 2 1 ¥ L
CONVERT | | Jt % l
CONVERT 2 | L & 1——
EOC ™ - I - 1 |
EOC 2 - l i+ ‘
|~--SELECT . -—
2 L LT
¢i(DELAY SHIFT) L L \ J J
- 1 i
¢, COMPARE_STOBE | 5y | |
( U -
¢ W/N SHIFT 33 | |
U (
$, M/N ADDER_STROBE ) | |
¢, M/N OUTPUT STROBE oy | |
) : 1 ¢ =
R,TRIGGER DELAY . |
| S G

FIGURE E-5 AZIMUTH CORRELATOR AND ADAPTIVE QUANTIZER
TIMING DIAGRAM

E-9




W TR N WTTTT . T AT T

-

Caaliaie i A i

ARERNDIX o3
ADAPTIVE QUANTIZER DESIGN DATA

An adaptive quantizer is a video signal processor
vhich thresholds each range cell using a threshold which is
derived from a sample of the enviromment surrounding the range
cell of interest. The purpose of the adaptive threshold is to
maintain a constant or approximately constant false alarm rate
in distributed clutter and receiver noise,

An in-depth study of the several forms of adaptive
quantizers suitable for usc with the ASR radar was conducted
under Task I of this contract*. The recommended approach, which
is now being used in the Enhanced ARTS Radar Processing Subsystem,
is a rank quantizer (Figure E-6), which compares the target
with .a number of range cells ahead of and behind the target cell.
A detection is declared when the target cell exceeds k out of the
total number, n, of range cells. The false alarm rate is then
independent of the distribution of the input interference (clutter,
noise, etc.,) and the processor is said to be 'distribution free"
or "non-parametric"”, with a false quantization rate given by:

n+l -k
Pn ‘n+1l

The false quantization rate can also be changed by multiplying
the target cell voltage by a constant, KM’ for normal video.
(An additive comnstant KA’ is used for log video.) If KM is greater -

*APL Report MSO-F-183, ARLS Eahancement Support Program Multisengor
~Syaten Study, 31 January 1973 :

E~10
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APPENDIX E-~3

than unity, the false quantization rate decreases. Unfortunately,
if KM # 1 (or KA # 0), the processor looses its non-parametricity;
the false quantization rate becomes more dependent upon the inter-
ference distribution as the target cell modifying constants depart
from these values.

Figures E-7 and E-8 are schematics of an Adaptive Rank
Quantizer. In Figure E~7 the radar video is integrated, sampled,
and A/D converted with two alternating sets of hardware. This
is to allow adequate time for the A/D converters to complete the
operation. The outputs are multiplexed as a continuous stream of
5 parallel bits. 1In Figure E-8 the 6 parailel bits are stored in
16 serial hex flip-flops. The outputs of these flip-flops are
all compared with the central flip-flop in digital comparators.
The outputs of the comparztors are summed in full adders to deter-
mine the number of cells exceeded by the center cell. This number
is then compared with a threshold in another digital comparator to
generate the output. The output consists of a single pulse if
the threshold is exceeded. The timing diagram is contained in
Figure E-5 of Appendix E-2.

E-12
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APPENDIX E-4
SCAN HISTORY DISPLAY DESIGN DESCRIPTION

The Scan History Display (SHD) is a specialized PPI
built to display a maximum of 256 target positions as they
appeared during the most recent eight radar scams. The target

positions are entered into the SHD from the AN/SYS-1 Target
Information Processing System developed by APL for the U.S.
Navy. As video processor target detections are correlated in
the SYS-1 software, hit centroid positions are generated and
transferred to storage in the SHD core memory. For the radars
normally used with the SYS-1 system, the target centroids reported
to the SHD typically are generated from six ungated hits but wmay
be generated from only one ungated hit. Once the target positions
are reported to the SHD they are stored and displayed for eight
scans. The eight scan display of target ceantroids allows a
greatly enhanced manual detection and entry capabiiity in
adverge clutter environments., True targat tracks are easily
discriminated against a clutteér background by the distinctive
trail they produce.

The Scan History Display circuitry is fully documented
in an AN/SYS~1 report* which can be made available upon request.

Congequently only a general outline of its design will be provided
here.

System Block Diagram

The SHD block diagram is shown ir Figure E- 9 1adicating
major functional blocks. There are three computer input functioas
to the SHD, an x-coordinate word, a y-coordinate word, and a zero

bearing mark (Figure E-10). These words are buffered through line

*APL Fleet Systems Report SMS~FS-551, RDS/SHD Scan History Display,
August 1972, ’
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APPENDIX E-4

receivers and held in storage buffers until entered into the

SHD memory core. Until the SHD has completely processed the inmput
storage buffer contents, which takes from 18 to 30 microseconds, a
buffer-ready signal inhibits further computer data transmission.
An update target position entered into the storage buffer is given
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a pseudo target number pertinent only to the current scan. The
same target entered in two successive scans will probably have
different target numbers. The target number is actually a partial
&ddress of where the x-y coordinates are stored in the SHD display
memory core., The target number generator is just a counter

incremented for each input buffer update and is reset at the zero

beering mark. The targe. number specifically designates a sixteen
word scan block that the input buffer contents will be stored.

The SHD memory is a 4K word by 16 bit magnetic core
logically arranged into 256 blocks of 16 words. Each 16-word
block is called a scan block. Since each target requires two
words, 2ight scans for 256 targets can be stored. The first word

in a scan block corresponds to a position in the current scan, and
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the last word in the scan block corresponds to a position in the
eighth elapsed scan, The two-word sections in 3 scan block are

numbered scan #1 through #8., Each target update is entered into

the szan #l position of a scan block, and all previously stored

3 coordinates in the -scan number eight location are dropped. Since
4 2ach- scan block consists of exactly sixteen words, the pseudo

1 target number is actually the eight most significant bits of the
12 bit memory code address word., The lower four bits control a
shift and write updating process. Each computer input during a
scan is stored in consecutive s3can blocks. The vavget number
counter is reset to zero at the radar bearing zero crossing. The

counter reset acticn 1s actually a process in which the 8 bit counter
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i8 clocked from its state at the time of zero bearing crossing,
through roll over to zero. At each interim count, the shift and
update process is exercised entering a zero into the scan #1
position of each scan block. During this process, lasting a worst
case of 46 milliseconds, the input is inhibited from accepting
new data.

Between target updates, stored target coordinates are
displayed. There exists a free running address counter selecting
consecutive target locations for display. The counter is sectioned
i~to three parts or functions. The upper eight bits address con-
sécut;?§~scan blocks resetting itself every 256 counts. Thus
targets are displayed in the same order as they were received.

The next lower vhree bits, (2!~23) address the scan number and are
decremented after a variable number of roll-overs of the 8-bit

scan block counter. These three bits specify which scan number is
displayed for each of the 256 target scan blocks. Inhibiting

this counter from decrementing provides the mechanism for continual
display of the same scan number., The time duration for display

of scan number one of each scan block is an operator entry and

sets the time period that the three bit down counter is inhibited ‘-
from changing from a state of zero. Controlling the counting

frequency of this counter is another operator entry and is the

refresh rate function. The last bit of the display address is the

x-y bit state, A logical zero indicates an x~coordinate is read

and & logical one indicates a y-coordinate is read.

After each x~-y read cycle, the digital coordinates are
D/A converted and displayed, The x-y coordinate fields occupy the
lower twelve bits in each word. The upper two bits in the x-coordinate
word, serves special functions. No target position is displayed
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unless bit number one in the x-coordinate word is set. If a
track sense aswitch is set, only those targets with bit number

two in the x-coordinate word set to one will be displayed. The
range scale is an operator entry and varies the gain of the output
deflection amplifiers.
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